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ABSTRACT 
KRIENGSAK ROJNKUREESATIEN: Geographical Accessibility and Land-Use and Land-
Cover Dynamics: the Case of Nang Rong District, Northeast Thailand 
(Under the Direction of Stephen J. Walsh) 
  
     Two main issues were hypothesized to affect the composition and spatial structure of land 
use patterns in Northeast Thailand: land use/land cover (LULC) policies at the national, 
regional, and local levels, and geographic accessibility of villagers to communities and 
associated land territories. The policy analysis employed a documentary-style approach to 
describe the changes in environmental policy and LULC over time in the Northeast. The 
LULC change and road connectivity analysis used a time-series of aerial photography for 
1954, 1967, 1984, and 1994. The photos were scan-digitized into a seamless image database 
and interpreted for the four time periods. Road connectivity was calculated using Alpha and 
Gamma indices. LULC change in spatially-buffered areas were assessed for the all-weather 
roads for Nang Rong district for 1954 and 1984, and pattern metrics were calculated to 
examine the composition and spatial organization of LULC over time and space. 
     Problems of soil quality, land degradation, land management, land allocation, and land 
rights were addressed within the policy analysis. Obstacles to their full assessment and 
management included the lack of consistent implementation of LULC policies due to 
changing governments and alternate land initiatives. The connectivity indices showed an 
increase through time, thereby, indicating that the road network was more connected across 
the image time-series. Further, the indices indicated that greater access to land resulted in 
 iii 
greater compositional and organizational shifts in LULC types. Spatial buffers and ecological 
pattern metrics indicated that the areas closer to roads were deforested earlier and to a greater 
degree. Also, a greater number of forest patches were found closer to the all-weather roads, 
and they were smaller in size, thereby, suggesting greater land fragmentation. Results of T-
tests indicated that the closer to the road, the greater was the change to non-forest. 
Geomorphic setting and LULC change were explicitly linked, thereby, suggesting that the 
density of forest to non-forest increased within 200 meters from the road in all landform 
types. 
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CHAPTER 1 
 
INTRODUCTION 
 
(1.1) Overview 
            
Land use and land cover (LULC) dynamics have been studied through (1) the lens of   
scale dependence of social, biophysical, and geographical drivers of landscape change (see 
Walsh et al., 1999 as an example), (2) global, regional, and local perspectives on pattern-
process relations (see the collection of papers in Fox et al., 2003), and (3) through the 
interactions of people, place, and the environment as coupled human-natural systems (see the 
collection of papers in Millington et al., 2001 and Walsh and Crews-Meyer, 2002).  Land use 
is defined as how humans use the land for settlement, agriculture, rangeland, business, and 
more. Land use has been of interested to social, natural, and spatial scientists including 
geographers, economists, anthropologists, planners, sociologists, and others.  These groups 
study why people use the land, how they use it, and what motivates people to use the land in 
various ways.  In addition, “where” people use land is of importance, “how” land affects 
people’s lives through feedback mechanisms is critical, as well as, “when” and “why” land 
use changes over time and through space is of central concern.  Land cover is not explicitly 
related to human activities, but is the physical state of land and the nature of change. 
Rindfuss et al. (2003) describe the causes the consequences of LULC dynamics and how 
landscape composition and spatial organization are affected by distal and proximate causes 
and their interactions (see Figure 1.1).  
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Some social scientists such as economists, planners, and geographers have also explored 
the topic of geographical accessibility and its effects on LULC change.  Geographical 
accessibility can be defined as the movement of people and the nature of population-
environment interactions in urban or rural places as a consequence of distance and proximity.  
Accessibility denotes the ease with which land use activities can be reached from any 
location through a transportation system or some other flow network such as rivers and 
streams (Zakaria, 1974).  The factors that are related to the interactions between land-use 
activities and transportation systems  include the geographic distribution and intensity of 
activities, mode and quality of the transportation (e.g., speed, cost, comfort, convenience), 
and socio-economic characteristics of the population (e.g., income and education levels). 
This research is a step along the path of integration by combining thematic domains and 
space-time scales in the study of land use and land cover dynamics, and the drivers of change 
within the context of human-environment interactions.  The drivers assessed here are 
associated with the geographic accessibility of place – the interconnectedness of 
communities through the established road network that villagers use to navigate the district 
and farmers use to travel to the parcels of land that they farm.  As the road network changes 
over time and space in Nang Rong district, northeast Thailand (see Figure 1.2 for the 
locational context of the study area), so does the nature of the geographic accessibility within 
prescribed village territories and among villages. Figure 1.3 is a constructed 1954 air-photo 
mosaic of Nang Rong district with roads from a 1984 Thai military base-map overlaid to 
suggest the relevance of changes in associated land use from our earliest historical image 
record. In addition to the road network and the changing level of accessibility over time and 
space, the relevance of environmental policies are considered that influence roads and LULC 
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conversion in the district (see Figure 1.4, the context of people, place, and environment in 
Nang Rong district as of 1994). Policies related to road expansion and improvement that 
originate at the national, regional, and local levels are considered using LULC change as the 
outcome variable of environmental policies in Nang Rong district, specifically, and Thailand 
more generally.  
The basic assumption of this research is that more geographically accessible sites are 
likely to experience greater changes in LULC over time and space, with a trajectory from 
forest to non-forest most evident.  This land change is initially achieved through agricultural 
extensification, followed by intensification as transformed sites are “de-valued” through 
resource use, land degradation, and locational marginality in unconnected places.  
Trajectories of change for highly accessible sites, such as rice paddies, occurring within well 
connected village territories and along well maintained roads, may suggest an early change to 
a “terminal” land use for that location and habitat type.  For instance, accessibility may 
contributed to a change from forest to rice long ago -- its covertype sustained by access and 
the close coupling between environmental gradients and the applied land use (Welsh, 2001).  
Relatively infertile soils can combine with poor drainage, inappropriate topographic settings 
for certain land uses, and/or degradational land uses practices that prevent sustainable land 
use activities, and further add to the uncertainty of living in a region characterized by 
economic difficulty, personal challenge, and geographic and resource marginality.  Figure 
1.5 shows the topographic setting of Nang Rong district and the pattern of villages, rivers, 
and roads throughout the district in 2000. 
In this research, people are viewed as agents of landscape change that shape and are 
shaped by the landscape, and where landscape form and function are assessed within a space-
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time context.  Historical patterns of land-use frame the land uses of the present and those 
likely to occur in the future.  Transition patterns suggest that what occurred in the past has 
implication for the future.  Geographic site and situation are concepts that consider local 
resource endowments as well as the situational context of place.  For example, the position of 
villages, the interconnectedness of villages, ecological gradients, areal patterns of villages 
and their territories, and the diffusive effects of Nang Rong town contribute to the economic 
vitality of the region and the stability or dynamism of LULC patterns.  Local site and 
situation, and the regional to global forces of a market economy, the migration patterns of 
young adults, environmental policies and the relevance of institutions at multiple and 
intersecting scales all contribute to the pattern of land use and land cover on the landscape, 
the trajectories of change, and the scale dependent drivers of the observed patterns.   
Specific to population-environment interactions is the challenge of linking specific 
households and associated demographics to satellite-based measures of LULC dynamics.  
Experimenting on how best to link disparate data types has become an integral part of the 
larger question of forces driving land use decision-making, and at what levels those forces 
are more or less understandable and associated with different explanatory factors.  The 
question is not if the processes themselves are scale dependent, but if the ability to detect 
patterns representing those processes is scale dependent.  Are forces driving LULC decisions 
different at household versus community versus regional levels?  How can “exogenous” 
effects operating at more macro spatial and temporal scales be explicitly incorporated into 
the understanding of those forces and related LULC changes?  What are the spatio-temporal 
relationships between endogenous and exogenous effects on the linkages among people, 
place, and the environment?   
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From a methodological standpoint, what are the techniques for not only conducting these 
analyses, but moreover, for validating analyses conducted with varying availability of 
fieldwork and remotely sensed information?  How do those techniques specific to GIScience 
change with the advancement of spatial and temporal resolutions for defining pattern-process 
relations?  And what mechanisms exist (or should be developed) to compare studies 
conducted across scales, geographic areas and cultures, and methodological approaches to 
distil and diffuse findings and policy relevant information among the stakeholder 
communities? 
Rindfuss et al. (2002) described a pervasive challenge facing the population-
environment community -- to link people to the land so that social behavior can be 
meaningfully studied in relation to changes in land use and land cover types, landscape 
conditions, and associated ecosystem processes.  One aspect of the challenge is that the 
linking must take place at appropriate spatial and temporal scales.  Another aspect of the 
challenge is that social data are typically discrete, referring to point locations, whereas data 
on LULC are typically continuous.  Increasingly, however, the broad scientific and policy 
communities concerned with global and environmental change have been requesting more 
data to obtain a better understanding of land use dynamics.  As soon as land use is 
considered, as opposed to land cover, human behavior necessarily enters the discourse.  It is 
only by considering the role of human decision-makers that we can begin to consider likely 
future changes in land use and land cover.  
(1.2) Context 
Spatial digital technologies -- such as satellite and aircraft remote sensing, geographic 
information systems, global positioning systems, data visualizations, and spatial analyses and 
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modeling – are a central part of LULC characterization and analysis (Tucker and Sellers, 
1986; Pastor and Broschart, 1990; Phillips, 1999a; Millington et al., 2001; Walsh and Crews-
Meyer, 2002; and Fox et al., 2004).  Used for characterizing the nature of biophysical, socio-
economic, demographic, and geographical landscapes and assessing their scale-pattern-
process interrelationships, geographers are applying conventional approaches, such as map 
and air photo interpretation, as well as newly emergent technologies and approaches 
including satellite image classification and change detection, image animation and other data 
visualizations, multi-level models, and computer simulations to study human-environment 
interactions and LULC dynamics (Brown and Walsh, 1991, 1992; Millington et al., 2001; 
Messina and Walsh, 2001).  Empowered by our growing understanding of biophysical and 
socio-economic processes and systems, spatial digital data and spatial technologies are being 
used to examine the landscape (a) at specified space-time scales that extend from fine-
grained to coarse-grained resolutions, (b) from local, to regional, to global extents, and (c) 
through endogenous and exogenous factors (Allen and Walsh, 1993; Lambin, 1996; Walsh et 
al., 1999).   
Spatial patterns of LULC may be mapped for a discrete time period through field 
measurements and/or the use of a single date of air photos or a satellite image and for “snap-
shots” in time through an assembled image time-series.  GIS is often used to integrate data 
characterizing a host of space-time elements, variables, and system parameters so that 
pattern-process relationships can be examined and complex issues such as feedback 
mechanisms, switches, and thresholds between system components assessed (Malanson et al., 
1990, 1992; Phillips, 1995a, b).  Image animations, movie loops, and other forms of scientific 
data visualization are used to consider the spatial co-occurrence of variables, spatial-temporal 
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trends and variations in the pattern of the data, and the nature of data from disparate sources 
and resolutions fused through a variety of data transformations.  Finally, researchers are 
using (a) multi-level models to integrate effects seen at multiple scales; (b) cellular automata 
to simulate LULC patterns through rules of behavior, initial conditions, and neighborhood 
relationships (Messina and Walsh, 2001), and (c) agent-based models to consider the effects 
of non-linearity, emergence, and evolutionary behavior of systems on LULC patterns.  All in 
all, spatial digital technologies are impacting geography in a number of fundamental ways: 
they enhance and value-add to the richness of our knowledge, increase our understanding of 
how our environment is organized and connected in space and time, and graphically 
represent how variables are organized and how systems functions in a host of ecological and 
geographical settings. 
A goal of this research is to describe important elements of a selected group of spatial 
digital technologies that offer geographers immense potential as well as proven capacities for 
studying LULC dynamics and assessing the multi-thematic and scale-dependent drivers of 
change.  Technology is considered through the study of LULC dynamics by emphasizing 
landscape characterization involving human-environment domains; how data can be value-
added through the spatial digital technologies; and how the different analysis environments 
can be used to integrate human and environment variables. Rindfuss et al. (2004) describe a 
number of challenges or cautions in using geospatial data and spatial technologies in 
population – environment studies that include aggregration and inference, issues of linking 
land to pixels, data quality and measurement issues, spatial temporal mismatches, remote 
sensing analysis issues, spatial autocorrelation, and accuracy assessment of land-change 
models. 
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Over the past several decades, population and environment relationships are among the 
important issues being studied by multidisciplinary researchers around the globe.  A number 
of conferences, workshops, and working groups have been convened and organized to 
consider the relevance of land use and land cover composition and dynamics as part of the 
population-environment discourse. These meetings (e.g. Association of American Geography 
Conference and Population Association of America conference since 1995 to present) serve 
as context to the international interest, and agenda that focus on LULC, and the human-
ecological-geographical dimensions of change. 
(1.2.1) Land Degradation and Population: Policy Implications 
Population size or growth may affect the environment through the consumptive  use of 
land and water, deforestation in developing and developed countries, pollution and land 
degradation through use and over-use of the land, as well as through the direct effects, for 
instance, of car emissions and resulting deterioration of local and regional air quality.  Areas 
of high population density, environmentally confounding particularly when occurring in 
areas of limited natural resources, further strains population-environment connections and 
frays their geographic connectedness.  Most places of high population density occur in 
developing countries, because of high fertility rates and migration patterns that move people 
towards central cities in quest of urban services, particularly, jobs.  In areas having a 
marginalized resource base, high population densities may cause mounting degrees of 
degradation to the environment through searches for arable land, demand for water resources, 
and exploitive connections to a market economy, for example, through deforestation and 
extensification of agriculture. Often the concommital degradation of the land through use and 
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often over - use results, particularly, where mismatches occur between land use and 
ecological gradients.  
Migration to cities accelerates land use conversion and can promote more pollution in 
cities and its outskirts.  At the same time, migration reduces the pressure on the environment 
in rural areas through reduced local exploitation of natural resources, in exchange, 
unfortunately, for regional to global demands of an urbanized population.  Population 
composition is defined by its characteristics such as age and sex, whereas important socio-
economic variables include household income, education, and occupation.  Young people 
tend to move to cities, because of the economic opportunities that are afforded to the 
individual as well as to the family through remittances.  Highly educated people tend to 
migrate from rural villages to urban places, and they tend to practice more readily intensive 
agriculture using new technologies in rural areas.   
Hunter (2000) discusses the mediating factors of land degradation -- science and 
technology, institutions and policy, and culture.  These factors play an important role in the 
interplay between people and the environment – they can accelerate changes on the 
environment by increasing the efficiencies of land use and land cover conversion, provide a 
motivation for land transformation, and de-stabilize a region by encouraging non-sustainable 
activities, particularly, when they are set within a marginalized environment. Science and 
technology may encourage mechanized agriculture, the use of high-yield seed varieties, and 
the application of fertilizers and pesticides as inputs to further land transformations.  With 
tractors and chain saws, forests can be cut more effectively and more rapidly, thereby 
increasing the geographic footprint of change.  Fertilizers and pesticides degrade soil over 
time and can contaminate water resources at the site of application, downstream, and over 
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time through residual effects.  Institutions and public policies are factors that change the 
status of environment.  Policies on agriculture, land use, road infrastructure, population, and 
international trade are some of the areas that government affects the environment.  Culture 
and the monetarization of society through a cash-based system can also spread to developing 
countries and rural areas.  The need for cash for every day life causes rural people to change 
their way of life as well as their land use practices, often expanding the area of cultivation 
and/or the intensity of agricultural inputs to extract increased yields and commercial assets.  
Agricultural extensification has made deforestation and soil erosion spatially extensive 
throughout rural regions, and has accelerated the demise of local resources through use and 
degradation, particularly where sites are inherently poor and/or historical exploitation has 
rendered current and future uses marginalized through demise in the resource endowments.  
Changes of LULC are caused by distal and local factors.  Only roads and public policies are 
emphasized here, however, Rindfuss et al. (2003) suggested some of the driving forces of 
LULC change in their assessment of space dependent forces of landscape dynamics.  
LULC change has been mapped and analyzed for decades primarily through the use of 
aerial photography and, since the early 1970s, land resource satellite technology.  Recently, a 
combination of biophysical, spatial, and social scientists have begun a re-examination of 
LULC change as a discernible landscape imprint of household and community decision-
making about the use of land.  These scientists are now armed with new theories and new 
practices that emphasize mapping the composition and pattern of LULC change through a 
satellite time-series, and, subsequently, assessing the interactions of exogenous and 
endogenous variables as drivers of landscape dynamics through scale dependent empirical, 
probabilistic, and mechanistic models.  The research teams have become more inter-
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disciplinary, because the research is being framed within the population-environment 
discourse that extends across thematic, theoretical, and methodological domains (Rindfuss, 
1996; Rindfuss, 1998; Walsh et al., 1999).  The Carolina Population Center (CPC) is a leader 
in such a research perspective.  The Thailand project provides an ideal setting to further 
explore population-environment interactions, because of the (a) depth of information 
previously collected and organized within computerized databases, (b) long-term 
involvement in Thailand with particular emphasis on Nang Rong district, (c) in-country 
collaboration with the Institute for Population and Social Research at Mahidol University, 
and (d) the experience of this researcher in Thailand, Nang Rong, and in prior studies that 
have involved population and the environment, and the linking of people and the land 
conducted in collaboration with the Departments of Geography, Sociology, and the Carolina 
Population Center. 
(1.3) Hypotheses 
Accessibility to land is an important topic being studied by population-environment 
scholars.  How geographic access affects the type, pattern, and dynamics of LULC has 
implication for natural, spatial, and social scientists.  Accessibility may be thought of as (a) 
access to water, fertile soils, and terrain settings suitable for certain types of agriculture at 
certain landscape strata (i.e., biophysical access); (b) access to roads, market towns, and field 
plots as a distance and/or connection to place (i.e., spatial access); and (c) access to landscape 
places such as temples, schools, and communities through social networks (i.e., social 
access).  The nature of these accessibilities may be governed by socio-economic conditions 
(e.g., economic status of households and/or communities), demographic characteristics (e.g., 
family size and the number of households within a community), resource endowments (e.g., 
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lands favorable for the sustained cultivation of upland field crops or lowland paddy rice), and 
geographic settings (e.g., nearness to roads, markets, and labor).  It is hypothesized that the 
nature of these accessibilities affect LULC change by increasing the motivation, incentives, 
and opportunities for land conversion schemes, primarily deforestation for agricultural 
extensification and intensification.   
In addition to the endogenous factors of biophysical, geographical, and social 
accessibility affecting LULC change, exogenous factors also impinge on the local setting,  
for example, through changes in crop prices, national and regional environmental policies, 
climate variation, and migration patterns.  All of these exogenous factors and conditions can 
“shock” the system through episodic events or may involve a more uniform onset that over 
time can shift the equilibrium of the “Nang Rong System” and create new linkages between 
population and the environment or even alter established linkages through shifts in LULC 
dynamics.  For example, an important population-environment feedback seemingly initiated 
by a 1970s demand for high calorie rich animal feed in Europe has been the cultivation of 
formerly forested upland sites with cassava.  As a consequence, large intact tracks of forest 
have been highly fragmented with the cultivation of upland field crops, but lowland and mid-
slope terraces have also been deforested to support initially subsistence, but now, commercial 
agriculture.     
Rindfuss et al. (1996) found that land fragmentation has encouraged the out-migration of 
young adults from Nang Rong district to non-agricultural destinations in Bangkok, the 
Eastern Seaboard, and the provincial capital, because of the difficulties of acquiring available 
land through rent or ownership for agricultural extensification and household formation.  
This feedback mechanism is a recent manifestation of a practice of deforestation that began 
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in the early 1970s and which has implications for today, and possibly for the future.  The 
transformation of the land through a departure from the steady-state condition of a lowland 
rice producing environment to an upland commercial field crop economy resonates from the 
land to people with questions of sustainability and resilience of population and the 
environment. Changes affect the way people live, particularly in rural, agrarian 
environments. Here, the impact of accessibility on LULC change, and ultimately on 
population at the household and communities levels, is considered.   
The basic intent is to examine changes in LULC in Nang Rong district, Thailand over 
the last 50-years as a consequence of a changing road network.  The contention is that as the 
road network was geographically expanded and subsequently improved through road 
building and changes in surface type (e.g., from seasonally-flooded roads to all weather 
roads); the nature of village and regional connectivity also changed, thereby, altering the 
geographic accessibility of “place.”  Place is defined here as district villages and their 
associated territories occurring within Nang Rong district.   
The first hypothesis examined is that changes in connectivity and geographic 
accessibility caused by the expanded and improved road network has, over time, decreased 
the relative locational marginality of nuclear villages that are characteristic of the Nang Rong 
setting.  This change in the locational marginality (or degree of connectivity and 
accessibility) resulted in a re-specification of the geographic “reach” of villagers to 
associated village lands, and altered the topologic or spatial interrelationships between 
district villages, land, and the central market town of Nang Rong.  Such changes altered the 
rate and pattern of LULC transformations that occurred over time and across space 
throughout the district.  At present, the district is well connected through a densified road 
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network that is still being altered primarily through road improvements, but road building to 
expand the network still occurs.  Connectivity to other villages and the land that villagers are 
associated is central to landscape change, because of the importance, for example, of labor, 
capital, and markets as factors related to LULC change and the relevance of geography in 
their relative importance, conceptualized here as a function of distance and accessibility. 
The second hypothesis is that roads follow villages to connect settled places by tying 
together villages in which “informal” connectivity has been established through geographic 
proximity, social networks, and cart paths and walking trails.  Therefore, villages may have 
arrived first, initially linked to the river networks with the explicit intent to support the 
cultivation of lowland paddy rice, followed by a “formal” connection through an established 
road link, often subsequently improved through changes in road attribution or type.  The 
nature of the connectivity of villages (e.g., road connections to multiple villages) affects 
LULC change rates and patterns as a consequence of land competition, geographic 
accessibility, and social networks.   
Specific research aims include the following: 
1. Analyze land use policies at the national, regional, and local levels related to road 
network expansion and improvement in Nang Rong district.  The policies germane to land 
use in the district are considered at multiple levels of government -- national plans developed 
in Bangkok, district and sub-district plans in Nang Rong and vicinity, and village plans 
developed and implemented locally involving the village headman of one or more villages.   
2. Map the road network in selected Intensive Study Areas (ISAs) within Nang Rong 
district, and characterize the changes in road pattern and attribution for selected periods 
extending from the 1950s to the present. The road maps are constructed by using the existing 
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road coverage in the Nang Rong project database captured from a 1:50,000 scale 1984 base 
map.  In addition, a series of historical aerial photographs collected from the 1950s through 
the 1990s are used, rectified into a seamless image mosaic, processed, and interpreted for 
road network characteristics. 
3. Assess the level of connectivity of villages in the selected ISAs positioned within 
Nang Rong district for the selected time periods (i.e., 1954, 1967, 1984, and 1994).  The 
relationship between the mapped and attributed road networks and village settlement patterns 
are assessed relative to the dates of the available airphotos.  The photographic time-series are 
used to derive the connectivity and geographic accessibility of district villages and villagers 
to their land territories as factors in LULC dynamics.  
4. Assess the relationships between the level of connectivity of villages and land 
use/land cover rates and patterns, particularly deforestation and agricultural extensification.  
The association between LULC dynamics within village territories, road networks, and the 
varying levels of connectivity of villages are assessed over both space and time. 
(1.4) Theory and Literature 
A number of theoretical approaches offer context to studies conducted within 
population-environment interactions and land use and land cover dynamics.  For instance, 
Complexity Theory examines systems that contain more possibilities than can be actualized, 
where descriptions are not constrained by an a priori definition.  The goal is to understand 
how simple, fundamental processes can be combined to produce complex holistic systems.  
Non-equilibrium systems with feedbacks can lead to non-linearity and may evolve into 
systems that exhibit criticality. Complex systems generally embody hierarchical linkages that 
operate at different spatial and temporal scales.   
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Hierarchy Theory, developed in general systems theory and now incorporated into 
ecology, is used to describe the structure of ecological systems through their spatial and 
temporal organizations.  Spatial and temporal grains and extents frame the studies, and scale, 
pattern, and process interrelationships are fundamental.  Hierarchies can change with time, 
thereby, making issues of resilience and adaptability of critical importance (Allen, 1982).   
Political Ecology Theory involves the nesting of local decision-making at finer scales 
framed within a broader set of issues operating at coarser scales.  Interactions between local 
endogenous factors and regional, national, global exogenous factors are considered, often 
within a land science context where time lags are examined and directional flows between 
direct and indirect consumers and producers are considered. This concept also looks at the 
decision-making at multiple scales as a result of policy, institutions and socioeconomic 
factors (Blaikie, 1987).  For instance, the need for high calorie animal feed in Europe has 
influenced farmers in Asia to clear forests and grow cassava, whereas the international 
demand for petroleum and the need for a national financial resource base in Ecuador has 
substantially contributed to road building in the Oriente region of the northeastern 
Ecuadorian Amazon and the resulting deforestation by household farmers through 
spontaneous colonization.  In addition, to the demand for cassava, the Thai Government is 
developing a strategy to promote para-rubber trees in the northeast as a substitue crop on 
lands dedicated to cassava cultivation.  Also, reduced cassava yields, combined with 
depressed prices and the demand in Europe for hard pellets of cassava, are contributing to a 
movement in Thailand to create new markets and to send cassava chips and cassava (tapioca) 
starch to Asian countries (e.g., China, Japan, and South Korea) and South Africa. Thailand 
also has developed new products from cassava such as textiles, paper, plywood, glue, 
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medicine, sweeteners, monosodium glutamate, and ethanol fuel to improve air quality and to 
generate a source of domestic fuel.  Road expansion and improvement may follow to support 
these new enterprises that are being practiced in many rural places.  
In addition, Human Ecology Theory sees people as active agents on the landscape that 
shape and are shaped by the environment.  Feedback mechanisms with possible thresholds or 
triggers may be observed where human behavior shifts in relation to real or perceived 
environmental and/or land use/land cover patterns and dynamics.   
Multi-Phasic Response Theory (Davis, 1963) states that when faced with sustained high 
rates of natural increases in population, people tend to use all possible demographic means 
such as delayed marriage, contraception, abortion and migration to protect their relative 
status in society and to maximize new opportunities.  In agricultural land use, this might 
entail adopting new technologies and a more intensive system of land use.   
Most demographic starting points to talk about population and environment interactions 
often begin with the Boserup hypothesis (Boserup, 1965).  Boserup believed that increasing 
population pressures on the land could stimulate farmers to adopt new technologies or 
innovate to increase output.  She hypothesized five steps or strategies that would increase 
land-intensive technologies that farmers would adopt to solve the problems of land 
degradation and lack of land.  Her five stages are (1) forest or long fallow of 20-25 years 
between crops, (2) bush fallow of 6-10 years, (3) short fallow of 1-2 years, (4) annual 
cropping and, (5) annual multiple cropping.  In each step, increasing land intensification 
through technology would occur.  Nowadays, most of the Third World countries are in stages 
4 and 5, except indigenous people (Bilsborrow, 1992).  
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One of the important topics in population and environment research is characterizing the 
composition and spatial organization of LULC change.  Land use is  how people use the land 
(e.g., settlement, cultivation, pasture, rangeland, and recreation), whereas land cover is what 
the physical state of the land (e.g., surface water, soil, rock, mountain, forest and crop) 
(Turner II and Meyer, 1991).  The studies of land use/land cover change have been 
conducted at different scales and employ different methodologies.  LULC change is studied 
at global, regional, and local scale, and at multiple scales within an integrated approach.  At 
the global scale, researchers study the causes and consequences, for example, of climate 
change, sea-level rise, and global and regional drought.  At the regional scale, scientists 
study, for example, wildfire, deforestation, and desertification,  and at the local scale, 
researchers study, for example, population pressure and socio-economic factors that affect to 
LULC change patterns (Lambin, 1999). 
The study of LULC change at global and regional scales require the review of multi-
national literatures, census and related data, and studies conducted in conjunction with 
remotely sensed data using high temporal resolution and low spatial resolution systems (e.g., 
AVHRR and MODIS respectively).  At the local scale, researchers need more specific data 
such as socio-economic data collected at fine-grained units such as at the household or 
community levels, using GPS units to define location.  At the local scale, some important 
independent variables that cause LULC change have been conceptualized as proximate 
causes and underlying driving forces (Meyer, 1992; Ojima, 1994; Lambin, 1999; Geist, 
2001). Proximate causes are the activities that use land at local levels and directly affected 
their environment.  Proximate causes are categorized, but not limited, to three broad groups: 
expansion of agriculture, extraction of wood, and expansion of infrastructure.  Underlying 
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causes also occur at local levels and can be generated from the regional and global levels.  
Underlying causes can be categorized into five factors: demographic factors or population 
pressures, economic factors, technological factors, policy and institutional factors, and 
cultural factors.  The other factors that are associated with LULC change are land 
characteristics (e.g., slope, land fragmentation, water resources), biophysical triggers (e.g., 
wild fires, flood, drought), and social triggers (e.g., war, health and economic crisis).  
Expansion of agriculture or extensification is one of the main causes of deforestation and 
land use change.  Geist and Lambin (2001) found from 152 case studies evaluated, that 146 
cases of deforestation resulted from crop expansion.  This expansion occurred in concert with 
other proximate variables such as cattle ranching in Latin America, and shifting cultivation, 
settlement, and transmigration and colonization in both Asia and Latin America.  National 
policies and global markets also affect crop expansion. 
Wood extraction is the other important cause that encourages deforestation.  Timber 
logging is the most affected variable; fuel wood and charcoal are other important variables.  
In Southeast Asia, timber has been heavily logged (legally and illegally) for export beginning 
shortly after World War II (Byron, 1988), and logged areas were subsequently upon by 
encroached small subsistence agriculture farmers (Hick and Mcnicol 1971).  Thailand has 
experienced continuous deforestation over the last three decades.  Forest area has declined 
from 53 percent of the land area in 1961 to 25.3 percent in 1998, leaving only approximately 
8.1 million ha of protected natural forest.  The logging ban in Thailand was imposed in 1989 
and logging contracts and concessions were subsequently cancelled. (Feeny, 1984; 
Waggener, 2002). 
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Infrastructure expansion is consistently found as the accelerator of deforestation. Road 
construction is associated with deforestation in Asia, Africa, and Latin America.  Settlement 
also plays a role in the same manner, through its connection with roads.  After World War II, 
many countries set policies and plans to develop the economy of their nations.  Infrastructure 
development as a strategy for rural areas, and agriculture for export for cash, further 
expanded the road networks and caused existing roads to be improved.  Thailand, as well, has 
developed policies and plans to accelerate the economic engine of the country, made possible 
with loans from oversea countries, international organizations, and national resources.  In 
Thailand, new roads were cut through dense forests and new settlements were developed or 
came about through the extensification of upland agriculture in the northeast part of the 
country – a region that today supports cash crops such as cassava, kenaf, cotton, corns, and 
sugar cane in the uplands, and extensive rice paddies in the lowlands. 
Economic variables also were found associated with LULC change.  New markets in 
towns or in nearby areas increased market accessibility with new roads, and new bus routes 
further urged farmer to extensify their land holdings for the cultivation of cash crops. 
Urbanization may reduce pressure on agricultural lands, but also will place more pressure on 
towns through in-migration and the generation of products in rural area to meet the needs of 
an urbanizing population.  
Technologies also allow more convenient and high yield cultivation and more extensive 
land conversion.  Large tractors prepare the soil in ways far superior to traditional 
approaches, involving water buffaloes or cows.  Fertilizers and new seed varieties offer more 
products than before, in concert with pesticides and herbicides.  
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Policies and institutions play both indirect and direct roles on LULC change.  Policies on 
global markets affect land use in rural area due to changing types of crops to meet the 
demands of a cash economy.  Communication may increase accessibility to fields, 
neighborhood markets, and towns as a consequence of technological development and access 
to consumer products.  Population policies may affect land fragmentation patterns with 
feedbacks to policy.  Sometime policy and institution variables may be in conflict at the local 
level if coordination among government offices is poor. 
Biophysical variables such as, soil, water, vegetation, climate, and topography have 
influenced the decision-making process of farmer to grow their crops.  Infertile soil leads to 
expansion of agricultural areas to acquire necessary amounts of food for subsistence and/or 
sale, as yields from lands in such settings are likely to be low. Lack of water or poor quality 
water drives farmers to choose crops that are drought resistant. Climate also gives different 
choices to farmers, as farmers grow different crops in different climate areas as well as in 
different topographic settings to maximize economic return. 
Population variables are important, but without humans, land is not used.  In areas 
devoid of people, land cover can change through natural processes. Fire used as a land 
management strategy, for instance, may impact undeveloped sites and alter landscape 
conditions.  Population growth, population distribution, and population density play roles in 
LULC change as linked processes to the environment.  Land degradation is one example, 
where population and a marginal environment can combine through constrained resources 
and imposed deleterious land practices.  These factors have influenced LULC change 
through land fragmentation, land degradation, and urbanization. 
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 Scholars from different disciplines have studied LULC change in different regions 
around the world. These studies mostly have been conducted at a sub-national scale, from 
villages to provinces and to local regions. Nowadays, there are some studies that link social 
surveys with other information (e.g., hydrology, soil, climate, vegetation) and new 
techniques such as GIS, remote sensing, global position system (GPS) to assess pattern –
process relations for assessing the causes and consequences of LULC change. These studies 
mostly occur in the developing world such as in the Amazon Basin (e.g., Moran et al., 1994; 
Skole et al., 1994; Walsh et al., 2001), India (e.g., Rosenzweig, 2001), Nepal (e.g., Shivakoti 
and Axinn, 1999), China (e.g., Liu et al., 2001), and Thailand (e.g., Entwisle et al., 1998; 
Rindfuss and Stern, 1998; Walsh et al., 1999). These studies started in different areas and in 
different environments, but they have some common objectives (e.g., relationships between 
population and environment) and methodologies (e.g., social survey, GIS and remote 
sensing). Findings from different locations and characteristics of areas show that LULC 
change is influenced by different variables that generally represent the social, biophysical, 
and geographical domains. In northeastern of Thailand, soil, hydrology and climate are 
different from that of the Amazon Basin. Policies and plans from inside and outside the 
region influence how farmers use their land. In China, for instance, the One Child Policy 
does not affect native people in Wolong Nature Reserve, so there is increased population 
pressure in this area that causes more land fragmentation (Liu et al., 2001).  
These studies include social survey data collected using very different methods. Some 
researchers obtain data from national surveys, regional surveys, or are collect by their own 
project. As such, different social levels may be represented: community, household, or 
individual. Landscape data such as airphotos and  satellite images are used to analyze LULC 
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change through “snap shots” in time. Such data have different scales and come from different 
platforms that can give very difficult results and at varying levels of accuracy.  These studies 
also have researchers from different disciplines (e.g., demographer, geographer, economist, 
and anthropologist) involved.  These researchers exchange knowledge and methodologies 
and learn from one another. In this way, they fuse the small mosaics of each discipline into 
the broader picture of the relationships between population and environment.  Findings from 
these studies can confirm that population pressure has a relationship with deforestation as 
well as LULC change.  However, each variable, particularly the intermediate variables such 
as policy, institution, and culture, may suggest different relationships in different areas.  The 
important scientific questions related to studies in population and environment still need to 
be described, but they generally include: (1) how can the external (exogenous) variables such 
as global markets, and politics be influenced? (2) how can data from different levels of 
analyses (horizontal and vertical) be collected, as well as,  continuous representation across 
space with good quality and quantity of data? (3) how can the confidentiality of data 
particularly in studies at the individual level be considered? (4) how can the results be used to 
protect the environment and to help people realize the importance of environment within the 
context of economic development?  
Studying the effects of infrastructure that change land use and land cover is often taken 
in conjunction with other variables, but there are some studies that focus on accessibility as a 
central ingredient of LULC change.  Accessibility in general refers to the ease of moving 
from one place to the other.  The “other place” may consist of better places for employment, 
access to education, or access to health facilities.  Accessibility can be measured in term of 
distance, time, and cost and may be included with physical barriers (e.g., traffic, road 
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condition, road network, and bus route) and socio-economic barriers (e.g., income, social 
class) (Hay, 1994). 
At the local scale, rural areas generally gain access to outside areas and home-towns or 
villages through roads.  Roads are important to rural development and also impact rural life 
and the environment.  In agriculture, roads can lead to increased agricultural production by 
practicing extensification and intensification. For the former, farmers can go to their furthest 
lands and expand their crops or clear a new patch of land in a nearby forest.  For the latter, 
roads can lead farmers to bring in new technologies, such as new agricultural tools, 
machines, fertilizers, pesticides, herbicides, and new modes of transportation.  Roads also 
facilitate government services and private organizations to visit and introduce new 
techniques and solve agricultural problems. Roads may facilitate access to jobs through off-
farm employment, and farmers can also send their children to acquire higher education in 
nearby towns or visit health centers or hospitals in times of need (Devres, 1980; Cook, 1985).  
In subsequent chapters, LULC patterns will be examined, first, by describing the 
national, regional, and local characteristics and contexts of place through their impact on 
Nang Rong district, northeastern Thailand (Chapter 2). This will be followed by a description 
of environmental policies that effect geographic accessibility and land use/land cover 
dynamics (Chapter 3). Finally, the changing pattern of geographic accessibility through an 
evolving road networks will be examined through a combination of historical air photos and 
spatial analysis techniques (Chapter 4). The research will be concluded by considering the 
implication of this research and directions of future studies (Chapter 5). 
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Figure 1.1. Conceptual schematic of the interplay of distal forces and proximate causes of 
LULC change, and the set of direct, interactive, and feedback relationships (Rindfuss et al., 
2003). 
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Figure 1.2. Study area location: Nang Rong district, northeastern Thailand. 
 
 
 
 
 
 
 
  
 
27 
 
 
 
 
 
 
Figure 1.3. A 1984 road layer superimposed on a 1954 air-photo mosaic of Nang Rong 
district, northeastern Thailand. 
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Figure 1.4. Spatial correspondence of villages, roads, and hydrography in Nang Rong district, 
northeastern Thailand. 
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Figure 1.5. Elevation is an important environment context in Nang Rong district, 
northeastern Thailand; villages, roads, and elevation are spatially co-registered and generated 
digital elevation model. 
  
CHAPTER 2 
STUDY SITE 
 
(2.1) The Kingdom of Thailand and its Regions 
(2.1.1) Geographic and the Environment 
The Kingdom of Thailand is located in Central Southeast Asia.  It is bordered by 
Myanmar on the northwest and the west, Laos and Cambodia on the northeast and east, and 
Malaysia to the south (see Figure 2.1).  The total land area of Thailand is approximately 
514,000 square km. Thailand is administratively divided into 76 provinces, comprising 876 
districts, 7,255 sub-districts (i.e., Tambon), and 68,501 villages.  Bangkok, the capital and the 
region’s primate city, is the focal point of the country’s trade, transport, and industrial 
activity.  The city is located on the southern edge of the Central Plains region at the head of 
the Gulf of Thailand, and includes parts of the delta of the Chao Phraya River system.  
The population of Thailand is 61,973,621 as of 2004.  Males number 30,616,750, female 
number 31,356,831, and the sex ratio of males to females is 97.6 (DOPA, 2005).  The Central 
region, including the capital city of Bangkok, has the highest population density of any 
region in Thailand; the Northeast region has the largest number of people; and the Southern 
region has the lowest population.  Over 80 percent of the population of Thailand is ethnic 
Thai; about 10 percent are of Chinese descent; and the remaining 10 percent of the 
population are Malay ethnic groups that live in the Southern Peninsula region.  The country 
also has several indigenous Hill Tribes that live in the Northern Mountain region.  Most 
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Thais, nearly 95 percent, are Buddhist, approximately 4 percent are Muslim, and the 
remainder of the population are Christian and Hindu. 
Thailand’s climate is tropical and substantially influenced by the South and Southeast 
Asian monsoons.  In Thailand, the wet monsoon normally extends from May to the middle of 
October; and the dry monsoon from November or December through April.  Air temperatures 
are highest in January and February.  Figure 2.2 shows the mean monthly precipitation and 
air temperature derived for meteorologic stations in an around Nang Rong district and 
calculated from daily data for a 30-year period.  
As is said, Thailand’s four regions, together, are shaped “like an elephant with its trunk 
drooping down the Malay Peninsula.”  The fours regions of Thailand, and the location of 
Nang Rong district, are shown in Figure 2.3.  The fertile Central Region is dominated by the 
Chao Praya River, and is considered to be the rice bowl of the country.  The good irrigation 
system developed for wet-rice agriculture in this region provides the economic support to 
sustain the development of the Thai state from the Sukhothai Era to contemporary Bangkok.  
The rugged Northern region is dominated by mountains and fertile valleys.  The region has 
been an area of deforestation and shifting cultivation primarily by the Hill Tribes.  The 
tributaries draining water from the Northern mountain ranges merge to form major rivers that 
feed the agricultural areas in the north and throughout the Central Plain region.  The Southern 
Peninsula region is characterized by rainforest vegetation and tropical islands.  The Southern 
region is distinctive in climate, terrain, and resources.  Its economy is based on rice 
cultivation for subsistence and rubber production for industry.  Other sources of income 
include coconut plantations, tin mining, and tourism.  Rolling and mountainous terrain and 
the seashore are conspicuous features of the South.  The drought- and flood-prone, poor 
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Northeast region, the site of this research, is geomorphically-shaped by the Korat Plateau -- a 
series of shallow depressions where wet rice is cultivated, interspersed by slightly more 
elevated ground that is either vegetated by degraded dry dipterocarp forests and/or planted in 
drought resistant, upland field crops, primarily cassava and sugar cane.  Previously, kenaf 
and more extensive fields of corn than are presently cultivated once dominated along with 
extensive upland forests.  
Further, the Northeast region is environmentally-challenged by the inconsistent rainfall 
realized by the monsoons, poor drainage, and low soil fertility.  The geology of the Northeast 
is Cretaceous sandstone overlain with Tertiary and Quaternary alluvial deposits that have 
been eroded to form a succession of natural terraces.  The lateritic soils of the region are 
weathered and leached, and generally deficient in nutrients.  Figure 2.4 shows an idealized 
cropping systems practiced in the Northeast region, and the major environmental gradients 
and constraints to agriculture.  The climate is a wet-dry monsoon climate where nearly 80 
percent of the total annual rainfall occurs between May and October, but the timing and 
amount of precipitation is highly variable, ranging from floods to droughts.  The natural 
vegetation in the Northeast is tropical seasonal (or monsoon) forests, primarily dry 
dipterocarps.  From a land use/land cover perspective, the region is dominated by rain-fed, 
paddy rice in the lowlands, field crops, mostly cassava and sugar cane, in the uplands, forests 
along the riparian corridors and surrounding the two ancient volcanoes in the southern 
portion of Nang Rong district, and some remaining forest remnants in the uplands of the 
southwest.   
Commercialization of smallholder production in the Northeast, together with the 
increased domestic and international demand for upland field crops, improved 
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communication, importance of the private sector and commodity middlemen, availability of 
credit, technical services, and organized market and collection systems were instrumental in 
the spread of upland cash cropping in the region.  Consumerism and the intent to acquire a 
wide range of goods and services from outside of the region further motivated households to 
deforest the uplands and to extensify the cultivation of field crops as well as paddy rice in the 
lowlands and the transitional terraces, where economic and/or environmental opportunities 
existed.   
Household diversification has occurred in the region, from rice to upland field crops, 
vegetable gardens, fruit and rubber trees, and eucalyptus trees, as well as to non-agricultural 
activities such as the production of silk in some villages and off-farm employment in near 
and distant places.  These factors further affected land use/land cover change patterns 
throughout the region.  The biggest imprint of landscape change has been the demand for 
calorie-rich animal feed in Europe and the deforestation of the uplands to meet the unfilled 
demand beginning in the mid- to late- 1970s (see Figure 2.5).  Previously, kenaf, an inferior 
jute substitute, was cultivated, but the degradation of the soil and general fertility loss over 
time further accentuated the transition to cassava, an upland drought-resistant crop that grows 
well in relatively nutrient poor settings.  
(2.1.2) The Social Setting 
Beginning on the early 1970s, Thailand initiated a population development program to 
lower the population growth rate from 2.1 percent in 1980 to 1.2 percent in 1996.  Beginning 
in 2000, the population growth rate fell below 1 percent.  The Total Fertility Rate (TFR) 
declined from 3.5 in 1980 to 1.9 in year 2000.  Today, life expectancy in Thailand is 71 years 
for men and 76 years for woman, up from 54 years for men and 50 years for women in 1961.  
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In 1970, the population age 0-14 accounted for 45.2 percent of the population compared to 
24.3 percent in 2005; the population age 15-59 years accounted for 49.8 percent in 1970 
compared to 77.7 in 2005; and the population age 60 years and higher accounted for 5 
percent in 1970 and 10.3 in 2005 (NESDB, 2005). 
Thailand’s population, age 15 years and older comprise about 48 million people, nearly 
35 million of them are in the labor force, and about 34 million are currently employed: 14 
millions work in the agricultural sector and 20 million work in non-agricultural sectors.  
There are approximately 2.3 percent of the labor force who are unemployed (NSO, 2004).  
The expansion of the manufacturing sector, the construction sector, and the service sector is 
consistent with the expansion of private investments.  Private and public investments have 
led to a 6.0 percent increase in non-agricultural employment.  This increase is partly due to 
the movement of labor away from the agricultural sector following the droughts of the 1990s.  
For 2004, agricultural employment declined by 2.3 percent (BOT, 2004). 
The shift in economic development in Thailand, from an agricultural-based economy to 
an industrial-based economy (i.e., commerce, manufacturing, and services), has led to a 
large-scale change in population migration patterns from a rural-rural pattern to a rural-urban 
pattern.  This change in migration destinations has led to a rise in the number of females in 
the labor force, primarily in urban places.  However, not only has the shift in economic 
development caused an increase in the stream of migration, but so too has the rapid depletion 
of forests, soil degradation, erratic climate and rainfall patterns, and the change of social 
culture from a subsistence society to a cash-dependent society, particularly in the northeast of 
Thailand. 
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(2.2) The Northeast Region and Nang Rong District 
The Northeast region or Isaan is where the study area, Nang Rong district, is 
geographically positioned.  Before describing Nang Rong, the Northeast region is discussed 
as context to Nang Rong district.  Isaan is a region of approximately 105 million rai or 170 
square km.  Its topography is characterized by lowland floodplains and upland areas.  The 
region is bordered by the Mekong River to the north and east, which is a part of Thailand’s 
international border.  To the south lies Cambodia. Separated from the Korat Plateau by the 
Dong Rak Range, an east-west running mountain range, the Korat Plateau is separated from 
the Central Plains of Thailand by the Dong Phraya Range, a north-south oriented series of 
high hills (Khon Kaen University-Ford Cropping Systems Project, 1982).  The Korat Plateau 
is characterized as an intermontane basin consisting of Quaternary deposits that are 
horizontal layers of gravel and sand (Heckman, 1979).  The geology is composed of fine-
grained sandstone and shale strata interspersed with river floodplain alluvial areas (Khon 
Kaen University-Ford Cropping Systems Project, 1982).  Soils in the upland areas tend to be 
sandy, shallow, and relatively infertile (Pendleton, 1962). 
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YEAR 1986 1990 1994 1999 
Total Area 105,533,963 105,533,963 105,533,963 105,533,963 
Forest Area 15,566,759 14,168,770 13,355,330 13,054,854 
Crop Land 56,195,523 56,713,712 57,736,615 57,946,997 
           27.00            26.61  25.54                   22.30  
Number of 
farm 
2,081,293 2,131,448 2,260,674 2,598,537 
Living area 1,120,295 1,188,145 1,319,976 1,389,400 
Paddy 37,444,992 37,450,593 37,845,627 37,745,274 
Upland crop 13,039,141 13,128,227 12,956,595 11,728,461 
Orchard and 
tree 
1,020,839 1,680,166 2,181,612 3,393,091 
Vegetable 161,591 203,071 234,092 213,386 
Pasture land 456,830 416,152 480,070 504,014 
Fallow 2,171,988 2,166,591 2,176,836 1,927,065 
Other 779,847 480,767 541,807 1,046,306 
Unidentified 33,771,681 34,651,481 34,442,018 34,532,112 
Table 2.1. Land use in the Northeast region of Thailand 1986-1999 (Office of Agricultural 
Economics, 2004). Areal units are expressed in rai; 1 rai equals 0.16 ha. 
 
Within the 105.5 million rai that covers the Isaan area, forests account for 15.5 million 
rai in 1986 and 13 million rai in 1999; and agriculture accounted for 56.2 million rai in 1986 
and 57.9 million rai in 1999 (see Table 2.1).  During that same period, farm size per 
household decreased from 27 rai to 22 rai, but the number of farms increased as a primary 
consequence of the increase in the number of households.  While the area of land in paddy-
rice remained relatively unchanged, upland field crops (e.g., cassava, sugar cane, and corn) 
decreased from 13 million rai in 1986 to 11.7 million rai in 1999. Orchards and other tree 
crops such as rubber and eucalyptus increased from 1 million rai in 1986 to 3.3 million rai in 
1999.  Agricultural yield from upland field crops also increased during this period.  While the 
amount of rai devoted to the cultivation of upland agricultural, specifically cassava, 
decreased from 7.2 million rai in 1986 to 6.7 million rai in 1999, reported crop yields 
increased from 16.5 million metric tons in 1986 to 21.4 million metric tons in 1999, primarily 
  
 
37 
because of improvements in the crop variety being cultivated and land management 
activities.  
In the undulating terrain of Isaan, there are three categories of agriculture land: upland, 
lowland, and the transitional terraces.  The major crops in the uplands are cassava, sugar 
cane, kenaf, orchards, and rubber trees.  Rain-fed paddy rice is the primary crop in the 
lowland paddies.  The transitional lower, middle, and upper terraces are subjected to a host of 
planting strategies depending upon market conditions and environmental circumstances.  For 
instance, if the monsoonal rains arrive late and/or in insufficient amounts, the lower and 
middle terraces may go uncultivated, because of the associated costs and risks of planting, or 
cassava may be temporarily cultivated.   
About 40-years ago farmers from the Northeast went to work in the East for temporary 
jobs, following the rice harvest. They returned with information and know-how to cultivate 
cassava in Isaan.  They found cassava was relatively easy to grow and encountered few 
problems with insects or disease, and it was highly suitable for cultivation in regions that 
experienced erratic rainfall and had relatively infertile soils (Polthanee and Marten, 1986).  
While the climate of Isaan is dominated by the seasonal monsoons that has average annually 
precipitation in the Korat Plateau of about 1,300 mm, there is considerable spatial variability 
in the distribution of precipitation throughout the region.  In the northern part of Isaan, the 
mean annual precipitation is 2,290 mm, while in the southeast it is 1,180 mm.  The annual 
average temperature is 28 degrees Celsius.  Cassava grows well in this environment, but has 
dramatic yield variances dependent upon site conditions and monsoonal characteristics. 
As stated, while the region has been cultivated for a century or more, deforestation and 
agricultural extensification in upland settings primarily began in the mid to late 1970s, driven 
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by a European demand for calorie-rich animal feed.  Extensive tracts of land were converted 
from forest to cassava.  Large fields, bordering forests, and small to medium forest remnants 
now characterize the uplands, while small rice paddies in the lowlands have coalesced into an 
extensive rice producing region that is dotted with isolated trees, small patches of forest, and 
riparian forest corridors, as well as population settlements, ponds, orchards, and other mixed 
agricultural uses.   
Nang Rong is a district in Buriram province in the southern part of the Korat Plateau, as 
well as southern part of Isaan (see Figure 2.6).  Nang Rong shares the same characteristics of 
Isaan. Nang Rong has an area of about 1334 square km. Today, Nang Rong has been 
administratively divided into four districts -- Nang Rong, Chamni, Non Suwan, and Chalerm 
Prakiet.  This study area (i.e., Nang Rong district) covers these four districts in 1984. 
Nang Rong is approximately 50 km from the Cambodian border.  The topography of 
Nang Rong is characterized by flat terrain with a small zone of middle- and upper-terraces in 
the southwest portion of the study area.  The elevation in Nang Rong ranges between 150 to 
380 meters above sea-level (see Figure 2.7).  Nang Rong has four rivers (the word for river in 
the Northeast is called lam): Lam Plai Mat, Lam Nang Rong, Lam Pa Thia, and Lam Sai 
Yong.  Some of them flow only intermittently.  Irrigation canals in Nang Rong are few and 
agriculture in this area is dependent upon rain fall, not ground or surface water irrigation.  
Nang Rong district has experienced rapid social and environmental change over the past 
few decades.  Settlement and subsequent agricultural extensification has transformed the 
region from one dominated by forest to a landscape dominated by agriculture (Kaida and 
Surarerks, 1984; Rigg, 1987).  The region is one of the poorest in the country.  While the 
majority of villagers in the region are lowland, paddy rice cultivators, a variety of alternative 
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upland crops provide forms of cash income, although they are subject to dramatic price 
fluctuations, particularly cassava. 
The most fertile land in the region has been under cultivation for some time, and there is 
little remaining land for agricultural extensification.  What land there is for extensification is 
marginal in nature and is composed of primarily upland sites.  The potential of the land to 
support agricultural extensification or increase production through intensification is subject 
to site and situation constraints.  The biophysical, social, and geographic domains combine to 
influence the relative attractiveness or suitability for agricultural expansion or intensification.  
Road building and access to water, the spatial linkages of villages to each other and to the 
hydrographic and transportation networks, availability of land for conversion to agriculture 
and its location relative to the nuclear village centers where people live, as well as the 
competition of land from people living in other villages are some of the factors shaping 
LULC practices within the region and the nature of the spatial-temporal dynamics.   
In Nang Rong, 80 percent of households grow rice. The topography is moderate and 
suitable for this crop.  Rice paddies occupy low terrace zones and a series of these paddies 
are separated by dikes or buns.  Rice production in Isaan falls into three main production 
methods: shifting cultivation, broadcasting, and transplanting.  In the past when land was 
abundant, shifting cultivation dominated during 1850-1890.  During the period of 1890-1935, 
broadcast seeding dominated, whereas during the period of 1935-1970 rice was planted 
predominately by transplanting from nursery stock (Hank, 1972).  Today, broadcast seeding 
and transplanting from nurseries are the common practices, generally selected on the basis of 
labor availability and the cost, as well as, farmer’s assessment of environment conditions and 
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the probability of good yields.  Transplantation generates the greatest yields, but requires the 
most labor. 
Each of these methods has implications for population density and land availability.  
Shifting cultivation is suitable when land is plentiful and population density is lowest, which, 
nowadays, there is little chance to practice shifting cultivation except by farmers who have 
many parcels of land and can not plant on each parcel in the same period of time.  They have 
the luxury of shifting some parcels of land for cultivation the following year.  Strictly 
speaking, this is more a delayed planting strategy being practiced by a select group of 
farmers and not the traditional shifting agriculture or swidden that is still practiced by the 
Hill Tribes of the Mountain region.  Transplanting is suitable in areas that have the highest 
population densities.  In Nang Rong, transplanting is dominated in lower terrace areas.  
As indicated, cassava was brought to Isaan in the 1960's and is primarily produced for 
commercial export, particularly to China and the European Community.  Generally, cassava 
is planted when the first rains arrive, normally in March/April or when the monsoonal rains 
conclude in October/November.  During those periods, the soils still have sufficient moisture 
to help establish the newly planted cassava stems, without surrendering an over abundance of 
labor at the time of rice planting or harvesting. Planting of cassava is relatively simple.  
Cuttings from previously grown cassava plants are placed in furrows prepared by tractors and 
then covered with soil.  While cassava grows well in nutrient poor soils, it also rapidly 
depletes natural soil fertility with continued cultivation, and this is particularly the case in the 
Northeast.  Soil fertility in the region is gradually declining as are crop yields (Polthanee and 
Marten, 1986).  Cassava is suitable for low soil fertility location in upland areas, but cassava 
increases erosion from upland areas because of the removal of the canopy during the early 
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planting stages and the nature of the cultivation – exposed soil during periods of intense 
monsoonal rains.  In addition, cassava leaves little residue to regenerate soil fertility by 
decomposition of organic matter, because the tubers are sold at markets and the stems are cut 
to be used for subsequent plantings.  
Kenaf is another crop that is well adapted to the environmental conditions of northeast 
Thailand.  Like cassava, this crop is suitable for areas of erratic rainfall and low soil fertility, 
but kenaf’s roots are left in the soil after harvest that reduces some soil erosion and provides 
organic matter for nutrient recycling.  Kenaf was first introduced in the Northeast around 
1950 (Berhman, 1968). By 1965, kenaf was planted in the region, covering nearly two-thirds 
of the upland crop area. Since 1970, kenaf has been replaced by cassava and not much 
remains in the Nang Rong area.  A major reason for the shift is that kenaf requires higher soil 
fertility to sustain yields as compared to cassava, and continuous cultivation of kenaf, 
without the addition of fertilizers, reduces soil quality to the point that production is no 
longer profitable (Rigg, 1987).  In addition, the marketization of kenaf required a large 
number of processing steps, far more than cassava.  For instance, kenaf needs to be soaked in 
water to peel the skin prior to marketing.  The water that is used for the soaking, 
unfortunately, affects human health – it causes rashes and skin disease, and also has a terrible 
odor.  
Sugar cane is the other important crop grown in the Nang Rong area.  Today, sugar cane 
covers most of the upland area in the northwest of Nang Rong where it is cultivated in close 
proximity to the processing factories in Nakhonrachasima.  According to a report from the 
Office of Agricultural Economics (2005), in 1999, sugar cane in the Buriram region covered 
166,654 rai, an increase from 70,752 rai in 1998 (a 111 percent increase in a single year).  
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The area cultivated in cassava increased 13 percent in that same year, from 404,650 rai to 
637,400 rai. 
Nang Rong has been undergoing a rapid social and economic change, including 
electrification, extension and improvement of the road network, an expanding transition into 
a more pronounced market economy has been occurring.  For instance, nine commercial 
banks now exist in Nang Rong, the frequency of bus service and the expansion of bus routes 
are noteworthy, and there is more widespread use of new technologies.  In addition, since the 
early 1980s, the district has experienced a net out-migration of population, primarily of 
young adults seeking non-agricultural employment in factories located in Bangkok and other 
urban centers (Charsombut, 1981; Guest et al., 1994; Sawangdee, 1997).  International 
migration to destinations such as Taiwan and the Middle East is also common, but not nearly 
as important as internal migration to Bangkok, the Eastern Seaboard, and to provincial cities. 
Migrants from Nang Rong are both seasonal and permanent.  They leave Nang Rong in 
search of economic opportunity, working in urban areas as laborers in construction, factories, 
or street vendors (Sawangdee, 1997).  Most of the migrants from Nang Rong are between the 
ages of 15-30. It is common for remittances to be sent back to their families in Nang Rong 
district.  Temporary out-migrants usually return home to help with rice planting and/or 
harvesting. 
Nang Rong is populated by original settlers from Cambodia and Laos and their 
descendents.  They live in nuclear villages (see Figure 2.8) surrounded, generally, by rice 
paddy.  The main language groups are Thai Isaan (the regional dialect), Lao, and Khmer. 
Economic and cultural distinctiveness set the Northeast apart, and many people from Isaan 
are proud to speak Thai Isaan or Lao.  
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(2.3) Roads and the Northeast 
Nang Rong, now, has electricity in every village and almost all villages have direct 
access to Nang Rong town through asphalt roads.  Transportation linkages have expanded 
from local to regional and to national connections.  Nang Rong was linked to Buriram by a 
laterite (gravel) road before 1966, the government started to pave it with asphalt in 1967.  
Villagers from Nang Rong who wanted to go to Bangkok had to go to Lam plai mas to take 
the train or go to Buriram to take the bus.  The Chok chai - Det Udom road, planned in 1952, 
was completed in 1968.  A report by the Department of Highways issued in 1968 indicated 
that the road was completed using lateritic material, and not yet paved with asphalt.  In 1971, 
a report by the Department of Highways indicated that 49.6 km of the road had been paved.  
During the construction of roads, many areas were cleared of trees. In Nang Rong, many 
of the first roads came at the expense of forested areas.  This deforestation has many of the 
effects associated with the road construction, including erosion, runoff, and sedimentation 
problems in nearby waterways (Grandstaff, 1988).  For paved roads, this effect is even worse 
as it lessens the ground's ability to absorb water when there is a sudden and heavy rainfall.  
During the rainy season, many roads in Nang Rong are not passable.  Changing precipitation 
patterns result in not just the seasonal or temporary closing of some roads, but also increases 
the friction (i.e., reduces the speed potential) for roads remaining open, as well as limits the 
types of vehicles (e.g., passenger cars, buses, trucks, mopeds, bicycles, and pedestrians) that 
can safely or efficiently travel on those roads.  
The presence and attribute type of roads are important aspects in defining accessibility in 
Nang Rong, particularly the access to land, villages, and to places outside the district.  
Extensification and intensification of agriculture may involve the use of roads as connectors 
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across space.  Agricultural extensification is hypothesized to be strongly correlated with the 
presence of roads. In search of good land for agriculture or to create new settlements for 
newly married couples, forests previously were encroached upon.  Roads also play a 
dominant role in intensification, increasing crop yield by increasing inputs, such as labor or 
fertilizer.  
Once all the good land was taken, people turned to chemicals, machinery, and hired 
labor to increase crop yields, depending upon product availability and costs, including market 
prices for the crop under cultivation. Each of these items is brought into Nang Rong district 
using these roads.  Furthermore, the last several years have seen the rapid increase of strip 
development on raised sections of land adjacent to roads, presumably as a way of 
encouraging development along those road segments.  Road improvements link districts to 
areas outside the Northeast, villages to district centers, villages to each other, and far-away 
agricultural lands to the nuclear villages that occur throughout the district.  Normally, 
households use land that are distributed around the nuclear village and arranged in a non-
contiguous maner (see Figure 2.8).  Roads also act as the magnet of the community, pulling 
people and places together as part of social, economic, and environmental ties to the land.  
Roads also give features such as markets, health care facilities, or town centers their relative 
location on the conceptual map.  That is, simple Euclidean distance (as the crow flies, 
uniform in all directions) from point A to point B. Often distance is assessed based on ideas 
of travel time, which include notions of friction, barriers, connectivity, and critical distance 
(Crews-Meyer, 2000).  
In Thailand, government base maps from 1984 categorize roads into four types, (1) 
paved, all-weather roads; (2) loose surface, all-weather roads; (3) fair- or dry-weather roads; 
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and (4) foot or cart paths (Evans et al., 1995; Entwisle et al., 1997).  These types of roads 
show the difference in frictions and barriers.  For example, the type of road cover (e.g. 
pavement or loose surface) determines how fast a given transportation mode may proceed on 
that road, but one could also base friction on traffic associated with the time of day or year, 
wet or dry season, or any other consistent speed limiting factor.  In geographic accessibility 
measures, this is what is called friction and can be raised to suggest slower speeds or lowered 
to model quicker movement.  In addition, connection of road or road networks allows road 
users to choose the best route to travel to their respective destinations. 
In this chapter, the context of place was described. Nang Rong district is truly marginal – 
poor soils, poor drainage, inconsistent monsoonal rains, and high temperatures.  The location 
of characteristics of the district and the more than 300 nuclear villages (as of 2000) that are 
distributed throughout Nang Rong district suggest a pronounced link to the land.  Many 
villages are located near rivers and streams, villages are often located on slightly higher 
ground to reduce the impact of high water and floods, forest is often retained in the village 
and surrounding dwelling units for shade, and people work the land, traveling to their parcels 
that are organized in a distributed pattern.  The interactions between people and the 
environment are examined through changes in LULC.  In the next chapters, environmental 
policy is considered, as well as the influence of roads on the changing dynamics of Nang 
Rong and the compositional and spatial organization of LULC (Chapter 4). 
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Figure 2.1. Study area location: the regional context of Thailand in Southeast Asia (Courtesy 
of the University of Texas Libraries, the University of Texas at Austin). 
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Figure 2.2. Mean monthly precipitation and air temperature for stations that represent 
Northeastern Thailand and Nang Rong district more specifically (Nang Rong Project 
archives). 
 
Monthly Rainfall & Temperature, Nang Rong, Thailand
Average annual rainfall (45.8 inches), Average annual temperature (80.6 F)
Station Location is {Latitude 14.63 N, Longitude 102.72 E}, Record Length = 1970 to 1997 (27 years)
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
In
ch
es
 
o
f r
ai
n
68.0
70.0
72.0
74.0
76.0
78.0
80.0
82.0
84.0
86.0
88.0
D
eg
re
es
 
Fa
hr
en
he
it
Average Rainfall Average Temperature
  
 
48 
 
 
Figure 2.3. Study area location: Thailand, the Northeast region, and Nang Rong district 
(Nang Rong Project archives). 
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Figure 2.4. Idealized cropping systems: gradients and constraints (after Dixon, 1978; Welsh, 
2001). 
 
 
 
 
 
Soil fertility 
Drought prone 
Land clearing difficulty 
- 
+ 
+ 
HILLS 
DRY UPLAND Upper 
Paddy 
Middle 
Paddy 
LOWER 
        PADDY 
CROPS 
PROBLEMS 
Cassava, kenaf, maize,  
sugarcane, tree plantations 
Low organic matter, poor 
fertility, soil erosion 
Rice (short 
duration) 
Rice (medium-long 
duration) 
Insufficient water, 
weeds 
Poor fertility, 
weeds 
Poor fertility, 
flooding 
RL UT DHES FP MT LT     RL=ridge line 
DHES=dissected 
hills 
& erosion surfaces 
UT=upper terrace 
MT=middle terrace 
LT=low terrace 
FP=flood plain 
Annual flooding 
reliable 
Infrequently or 
never flooded Annual flooding 
variable 
Never flooded 
Agro- 
geomorphic 
Setting 
Always 
floods 
- 
+ 
+ 
  
 
50 
 
Figure 2.5. LULC change in and around Nang Rong district, northeastern Thailand: 1972/73 
vs. 1997. Note the pervasive decrease in land classified as forest throughout the district, 
especially in the uplands of the southwest (Nang Rong Project archives). 
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Figure 2.6. Nang Rong district as defined in 1984 for the Thai Military base maps. 
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Figure 2.7. Topography of Nang Rong district, northeastern Thailand (Nang Rong Project 
archives). 
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Figure 2-9. Spatial organization of dwelling units and households in nuclear villages and the 
general distribution of their land parcels. The Thai nuclear village settlement pattern is 
characterized by a spatial disconnect between people and the land that they use or own. 
  
CHAPTER 3 
POLICY AND LAND USE IN THAILAND  
(3.1) Introduction 
Land is an important base resource that influences the way humans earn a living, the 
manner in which they live and interact with others, and how their behavior is shaped and 
altered through complex feedback mechanisms between people and the environment.  Land 
is also an important factor that supports social systems in a variety of forms that are 
connected through space and time by economic, cultural, and political interactions. 
Biophysical factors also shape the form and function of land resources through resource 
endowments, terrain settings, and historical land use contexts.  In addition, the mediating 
effects of local and regional people and places on exogenous factors that further shape 
human-environment interactions through, for example, climate variations and monsoonal 
patterns in northeast Thailand, socio-economic shocks such as commodity prices and/or 
environmental policy at local to global scales, and interactions between land cover and land 
use as people change the landscape to meet their needs (e.g., deforestation and agricultural 
extensification, urbanization).  Ecological and social systems also respond in subtle and not 
so subtle ways, for instance, through land degradation and/or human migration.  
In the past, Thailand relied upon land resources mostly to support agriculture, primarily 
rain-fed lowland paddy rice and more recently upland field crops.  Increasingly, national 
population growth and global economic policy shifts from agriculture to an industrial base 
have served to redefine non-agricultural land uses, such as industrial, commercial, and urban 
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land conversion, as the new land context.  While agriculture remains a dominate land use and 
a significant contributor to the Thai Gross Domestic Product, areas of traditional land uses 
are being transformed, primarily in urban places, but so too in rural settings, thereby, 
contributing to a number of human-environment challenges that are related to socio-
economic, political, cultural, and environmental interactions with the land.  
Thailand has a total land area of approximately 320.70 million rai (1 rai = 0.16 ha). In 
1960, about 53 percent of the country, or 171 million rai, were in forest.  Population over the 
last nearly 50-years, however, has increased, thereby placing more pressure on the land and 
increasing the number of Thais in poverty, a factor motivating farmers to encroach into 
forested areas and for some to migrate from rural areas to urban places.  Over the 15-years 
beginning in 1960, crop land increased from 66 million rai to 112 million rai.  By 1988, 
cropland has increased to 148 million rai, subsequently decreasing to 131 million rai 
nationally during the period of 1993 to 2000.  Reacting to the process of agricultural 
extensification of upland field crops in previously forested land, but also to extensification 
and intensification of lowland paddy rice, the expansion of vegetables and fruit tree 
production, forest area declined below 80 million rai from 1982 to 1999.  By 2001, forest 
area had regained some of its lost area over the previous 20-years as a consequence of 
reforestation, plantation forests, and the aging of secondary forests (see Table 3.1). 
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YEAR TOTAL 
LAND 
FOREST 
LAND 
CROP 
LAND 
UNCLASSIFIED 
1960 320.70 171.07 65.89 83.75 
1975 320.70 138.57 112.21 69.92 
1976 320.70 124.01 113.11 83.57 
1978 320.70 109.52 116.14 94.74 
1982 320.70 95.87 123.59 101.24 
1983 320.70 94.29 124.23 102.18 
1988 320.70 89.88 147.8 83.02 
1991 320.70 85.44 133.07 102.18 
1992 320.70 84.34 132.05 104.30 
1993 320.70 83.45 131.27 105.97 
1994 320.70 82.80 131.83 106.06 
1995 320.70 82.18 132.48 106.04 
1996 320.70 81.81 131.82 107.07 
1997 320.70 81.44 131.11 108.15 
1998 320.70 81.08 130.39 109.23 
1999 320.70 80.61 131.34 108.75 
2000 320.70 106.32 131.19 83.18 
2001 320.70 100.64 131.06 89.00 
Table 3.1. Land use of Thailand, 1960 – 2001 (million rai; 6.25 rai = 1 ha) (TDRI, 1986; 
ONEP, 1987-2001). 
 
Figures 3.1 – 3.3 show the change in forest land in Thailand for 1973, 1985, 1992, 
respectively, and the variation in the spatial organization of forest land throughout the 
country as seen through Landsat Multipsectral Scanner (MSS) and Landsat Thematic Mapper 
(TM) satellite data.  Loss of forest in the Central plain, the Northeast, and in the area around 
Bangkok, the primate city of Thailand, is evident in the satellite images.  Figure 2.5 is a 
Landsat MSS and TM satellite image comparison for Nang Rong district for 1972/73 and 
1993/94.  The sharp reduction in the upland forests of the southwest over this period is 
striking.  Encouraged by the demand for high calorie animal feed in Europe, Thai farmers 
deforested upland settings to support extensified, commercial agriculture. 
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 Figure 3.1. Thailand Forest Cover in year 1973. 
 Source: Center for Global Change and Earth Observation, Michigan State University. 
 
 
 
 
 Figure 3.2. Thailand Forest Cover in year 1985. 
 Source: Center for Global Change and Earth Observation, Michigan State University. 
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 Figure 3.3. Thailand Forest Cover in year 1992. 
 Source: Center for Global Change and Earth Observation, Michigan State University. 
 
Traditionally, a region of rain-fed lowland paddy rice, upland forested areas were 
retained as large forest expanses and forest remnants near villages as the habitat requirements 
of paddy rice excluded most upland areas.  With changes in globalized demands for 
agricultural products and more effective Thai links to distant markets, upland settings were 
converted to field crops (i.e., cassava and sugar cane, and previously kenaf ) and forests in 
relatively large tracts were rapidly altered. 
Most recently, the Thai government has begun to concentrate increasingly on the 
environmental policy and land management concerns of deforestation, agricultural 
extensification, and urbanization in Thailand.  There are many problems associated with land 
conversion, particularly, those connected to land use/land cover dynamics, land management, 
and land degradation that Thailand is now facing.  Below, some of the most central concerns 
are described. 
  59 
(3.2) Situations and Problems of Land Use Change in Thailand 
Today in Thailand, situations and problems of land use change vary in their type and 
degree, according to the specific places of concern -- urban or rural contexts. In the urban 
area, especially in Bangkok and some large provinces, land problems are rapidly expanding 
due to the changing nature of government policies that range from subsistence agriculture, 
industrial agriculture, manufacturing, and commercial services.  These activities lead to the 
enhancement of the base infrastructure of the country, including transportation, habitation, 
recreation, and government services, such as education, energy supply, water use, social 
services, and environmental protection. 
Land surrounding old urban areas, for instance, has changed from agricultural to 
factories and commercial real estate.  Good soils that previously supported agriculture have 
been transformed into buildings and transportation infrastructure.  People from many places 
in Thailand are in-migrating into towns and larger cities in search of good jobs and a secure 
income.  The in-migrants, primarily from rural Thailand, live under the concrete and metals 
roofs, and perhaps, in the air conditioned rooms of converted places, instead of working in 
the fields under the hot and sunny sky.  Inconsistent agricultural market prices, difficult 
working conditions on the farm, globalization and the promise for an improved way of life, 
and household strategies that entail rural to urban migration of young adults and the 
generation of remittances sent to remaining agricultural household members accentuated the 
consolidation of population in urban places.  In Thailand, Bangkok, provincial cities, and the 
Eastern Seaboard have been the primary migration destinations of young adults leaving Nang 
Rong district, a predominately rural agricultural area in northeastern Thailand.  Marginal 
environmental settings of soil fertility and drainage in some rural places, as well as an 
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inconsistent monsoonal rainfall pattern that oscillates between droughts and floods further 
motivates young adults to leave the farm for the promise that urban locations offer. 
Without good planning, urban areas face a serious set of environmental challenges, such 
as floods, water and air pollution, formation and expansion of urban slums, waste disposal 
and recycling, and traffic congestion.  Land use change in urban areas mostly involves the 
change from agricultural land at the rural-urban fringe to urban sprawl in which neighboring 
urban areas are expanded and commercial and manufacturing buildings are constructed, as 
well as allied infrastructural services such as transportation.  Bangkok suffers from all these 
urban maladies. In the rural areas where land is used predominately for agriculture, three 
main problems are often encountered -- soil degradation, soil erosion, and land rights. 
(3.2.1) Soil Degradation and Soil Erosion 
There are about 182 million rai or 57 percent of total area of Thailand that experiences 
severe limitations in the use of soil to support agriculture, because of their physical and 
chemical characteristics (See Table 3.2).  Such soils do not support good yields from 
cropping. Important among the host of limiting soil factors is soil salinity.  Nearly 22 million 
rai have been classified in Thailand as having moderate to severe soil salinity limitations 
associated with agricultural cultivation.  Coastal saline soil impacts nearly 4 million rai, 
whereas inland saline soil affects about 18 million rai, and is found in nearly every province 
in the Northeast region.  Two-thirds of those amounts are associated with moderate levels of 
salinity, but such areas can still be used for salt-tolerant crops, such as rice, but the yields are 
lower than in unaffected areas.  Yields on moderate to severe saline soils tend to be 50-
percent of unaffected areas.  On land of extreme salinity, crops can not be cultivated. In the 
dry season, salty dust and crust can be seen on the land surface.   
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Sandy soils extend to a depth of more than 50-centimeters. Such soils have very limited 
water retention capabilities, and hence negatively impact the crop’s ability to up-take 
moisture and nutrients.  The area of this soil is about 7 million rai. Most of this soil type is 
founded in the Northeast region – about 4 million rai.  In addition to the constraint of sandy 
soils and moisture and nutrient up-take for agricultural cultivation in the Northeast and 
elsewhere, in a more limited way, the acidification of sulfate soils also constrains agricultural 
production in Thailand.  Soils of this type cover approximately 5.32 million rai, mostly 
distributed in the central and the eastern portions of Thailand. At relatively deep locations 
within the soil layers, acidic soils are manifested as yellow spots of sulfuric acid that are seen 
in the texture of soil.  Crops grown in these areas have exceedingly low yields.  Another 
limiting characteristic of Thai soils that predominant in the Northeast Region is relatively 
shallow and thin soils that change through a process of laterization in which hard, brick-like 
structures are formed, and by leaching caused by the hard and persistent rains associated with 
the monsoons.  Such soils contain a layer of pebble and laterite that extend to a depth of 
about 50-centimeters.  This soil type is not suitable for crops due to the general lack of 
nutrients and its relative imperviousness.  This type of soil covers an area of about 51.3 
million rai in Thailand, most being found in the north and the northeast regions.  
Finally, geomorphic conditions and the relatively steep terrain settings associated with 
agricultural areas limit agricultural production in upland and mountain area.  For the country 
as a whole, excessive slope angles constitute nearly 35 percent of the area.  The associated 
soil cover covers nearly 96 million rai, most is in the north, the south, and the northeast. Soil 
depth in such areas extend to only about 10-centimeters.  In the area where it is highly 
sloped, soil erosion occurs from flowing rainwater, thereby degrading soils exposed through 
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cultivation.  Depletion of soil nutrients and the generation of surface cracks and fissures 
along the soil profile can be seen at different scales and depths of disturbance.  Soil erosion 
can be found in most mountain area where trees were cut to support agricultural crop 
cultivation.  Severely erosion occurs in places that have little or no land management to 
reduce soil loss.  Soil erosion in Thailand has been estimated to cover 134.5 million rai or 42 
percent of total area.  As a by-product, sedimentation of surface water is a persistent problem 
in Thailand, affecting most of the large river systems and reservoirs as a consequence of the 
nearly 27 million ton of soil deposited each year in the country’s water impoundments and 
rivers and streams.   
Problem soils Area (rai) 
1. Salt Affected Soils 21,718,790 
   1.1 Coastal Saline Soils  3,611,580 
      1.1.1 Coastal Saline Soils, Potentially Acid 2,885,090 
      1.1.2 Coastal Saline Soils, Non-Potentially Acid 726,490 
   1.2 Inland Saline/Sodic Soils 18,107,210 
      1.2.1 extreme saline soil 1,771,220 
      1.2.2 moderate saline soil  3,690,250 
      1.2.3 low saline soil  12,645,740 
2. Sandy Soil 7,127,500 
   2.1 extreme sandy soil, no organic stratum 6,613,530 
   2.2 extreme sandy soil with organic stratum 513,970 
3. Acid Sulphate Soil 5,326,790 
4. Organic Soil 505,180 
5. Shallow Soil 51,291,150 
   5.1 Laterite soil and conglomerate soil  31,796,210 
   5.2 Soil with stone  17,327,600 
   5.3 Soil with calcium bi-carbonate 2,167,340 
6. Slope Complex  96,158,200 
Total 182,127.610 
Table 3.2. Specific problem soils of Thailand (Land Development Department, 2001). 
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(3.3) Problem in Land Management 
(3.3.1) Misuse of Land 
About 50 percent of the land in Thailand is suitable for cropping, but not all these lands 
are used in that way as a consequence of poor land management leading to land degradation.  
The Office of Land Development (1998) reported that nearly 102 million rai of land in 
Thailand was misused in that an inappropriate land use was practiced on the wrong type of 
soil.  Most of the misuse of land use occurs in the cultivation of rice.  Nearly 90 million rai of 
land devoted to rice cultivation is grown on unsuitable terrain settings and soil types.  
Another 17 million rai of land are misused in the cultivation of fruit trees, and an additional 4 
million rai are misused as a result of cultivating slopes that are too steep to support the 
cultivation of paddy or field crops.  Cropping without the appropriate environmental settings 
to support the crop causes low yields and a disproportionately high investment in crop 
cultivation relative to the derived yield.  Cropping without appropriate knowledge of the 
practice and/or the environmental requirements also degrades the soil.  For instance, 
swiddening or continuous cultivation without the use of soil fertilizer or soil conservation 
practices are non-sustainable. 
In areas without irrigation systems or occurring in areas unsuitable for rain-fed 
agriculture, farmers normally only cultivate one crop a year on each land parcel, leaving the 
land fallow for the remainder of time as a strategy to address limited natural resource 
endowments and marginal settings.  If there is good irrigation systems and suitable and 
consistent rainfall to support agriculture, land will be highly utilized, and multiple crops will 
be cultivated each year, without extended fallow periods.  Because of market and/or 
environmental constraints, nearly 133 million rai are not cultivated each year in Thailand.  In 
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addition, some lands are left fallow, because of the general lack of labor and/or as a 
consequence of land that has been traded and await better prices before cultivation ensues.  
Using chemical fertilizers is one trigger that degrades soil.  If farmers use fertilizers 
incorrectly, such as, in unsuitable amounts and applied at inappropriate times, increase 
contamination of land results as well as the build-up of chemical substances in soil and water 
further compounding the problem and delaying eventual cultivation.  In 1998, Thailand 
imported 3 million tons of chemical fertilizer, 222 types, and 45,700 tons of pesticides and 
herbicides for agricultural use.  These chemical, in places, have poisoned soil, water, and 
people through misuse and the risky occupation of being a farmer. 
The other factors that affect land use may be related to socio-economic development and 
population growth.  In 1975, Thailand’s population stood at 42 millions, but by 2003 the 
population had increased to 63 millions (see Table 3.3).  This increased level of population 
has implications for land, resources, and housing.  In 1978, Thailand had 38,244 kilometers 
of improved roads; in 1993, 54,388 kilometers of improved roads; and in 2004, 63,287 
kilometers of improved roads (DOH, 2005).  Not only were roads built and improved, but 
also land along the roads was used for new communities and various real estate development 
ventures.  Agricultural areas were also developed along the road as a result of land 
speculation and planned purposes.  
Electronic, communication, and the tourism industry have been continuously promoted 
throughout the last decade.  Many electronic and communication factories were built and 
dispersed around Bangkok.  Resorts and many new grand hotels were developed along the 
edges of reserve forests, national parks, and protected watershed areas. Approximately, 128 
golf courses are scattered around the country.  These promotions initiated by the national 
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government have pulled labors from the agricultural sector to support these industries.  Land 
was sold and labors were pushed and pulled into the stream of industrialization.  Reduced 
labor, cash dependent, abandoned, and fallow lands now characterize many rural areas. 
Population  
Year 
 
Total Male Female 
 
Population 
Density/Km2 
1975 42,391,454        21,359,489        21,031,965        83 
1980 46,961,338        23,627,727        23,333,611        92 
1985 51,795,651        26,059,668        25,735,983        101 
1990 56,303,273        28,181,202        28,122,071        110 
1995 59,460,382        29,678,600        29,781,782        116 
2000 61,878,746        30,725,016        31,153,730        121 
2003 63,079,765        31,255,350        31,824,415        123 
 
Table 3.3. Thai Population Year 1975 – 2003 (Department of Local Administrative, Ministry 
of Interior, 2004). 
 
Many of farmers who sold their land became landless or near landless.  After they sold 
their land, without appropriate knowledge of money management, most of them became 
poorer than before their land was sold.  Near-landless farmers and small farm owners in rural 
areas can not practice intensive cropping, because they do not have specific knowledge and 
money to do so.  Some farmers are reluctant to use new techniques, tools, and knowledge 
that agriculture extension workers provide. Some farmers follow the advice from various 
government offices, but not fully as they have neither the funds nor the experience.  For 
example, farmers were advised to apply fertilizers twice per year at a rate of 25-kilograms 
per rai.  However, on average, 18-kilograms were applied per rai during the first application 
and none thereafter.  In addition, irrigation systems are not sufficiently plentiful particularly 
in the Northeast that make fertilization ineffective.  In the Fifth Thailand National Plan, only 
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1.6 million rai out of 60 million total rai have been supported by irrigation systems in the 
Northeast.  
 
(3.4) Problem of Land Allocation and Land Rights  
The numbers of farmer households is proportional to the increased in the population 
growth, while land area is constant.  For this reason, farm size per household has decreased 
from 27 rai in 1986 by an average of 22 rai per person in 1999 (see Table 2.1).   
 
Table 3.4. Population, crop land, and crop land per person; (National statistics Office1, 1996 
and Office of Agriculture Economics2, 1999). 
 
(3.4.1) Land Title 
As land is an asset, a property, a place for dwelling units to reside, and a place to earn a 
living, having the use rights for using distinct parcels of land is an important issue that relates 
to land use/land cover change patterns.  In Thailand, there are about 14 government 
organizations involved in land allocation and the certification of land rights. Their objectives, 
administration, and benefits to holders are all fundamentally different.  Among these 14 
Year Population1 Growth rate 
(%)1 
Crop land 
(rai)2 
Increase rate 
(%)2 
Rai/person2 
1985 51,795,651 - 128,603,472 - 2.5 
1986 52,969,204 2.2 129,845,013 0.9 2.5 
1987 53,873,172 1.7 131,202,622 1.0 2.4 
1988 54,960,917 2.0 131,772,759 0.4 2.4 
1989 55,888,393 1.7 131,831,185 0.1 2.4 
1990 56,303,273 0.7 132,124,409 0.2 2.3 
1991 56,961,030 1.2 133,076,188 0.7 2.3 
1992 57,788,965 1.4 132,051,209 -0.8 2.3 
1993 58,336,072 0.9 131,270,893 -0.6 2.2 
1994 59,095,419 1.3 131,833,288 0.4 2.2 
1995 59,460,382 0.6 132,478,570 0.5 2.2 
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organizations, five agencies that are authorized to give land right certifications.  The 
Department of Lands, authorized by the land code in 1954, is the principal agency in issuing 
the land certificates in Thailand.  These Land Certificates are classified into four types.  The 
first one is a titled deed or Chanode (NS 4), a certificate that indicates full ownership to the 
land holder.  This type of certificate authorizes the holder to sell, buy, trade, rent, or 
mortgage the land.  The second certificate type is a certificate of utilization called Nor Sor 3 
(NS 3).  It allows for the exploitation of land using NS 3 and Nor Sor 3 Kor (NS 3 K).  The 
third certificate type is a preemptive certificate or Bai Jong (NS 2) that authorizes the 
temporary occupation of land.  The fourth land certificate type is Sor Kor 1 (SK.1) that 
indicates the holder has used the land prior to 1954.  Today, no SK 1 certificates are issued. 
Certificate 1995 1997 1998 1999 2000 2001 
       Chanode 41.34 50.61 59.11 64.34 67.79 70.74 
Nor Sor saam 
kor 
49.00 46.86 44.60 42.68 40.91 38.03 
Nor Sor saam 19.10 18.68 17.98 17.93 17.22 16.10 
Bai Jong 4.12 4.19 4.05 3.78 3.78 3.65 
Table 3.5. Type of land rights certificate and holding areas (million rai) (Land Development 
Department, 1995-2001). 
 
Besides the certificates issued by the Department of Land, there are another four 
government organizations that can issue land right certificates, but these certificates do not 
have full use rights as specified in Chanode and NS 3.  These certificates can not be used as 
collateral for a loan from a private bank.  The Department of Public Welfare issues the Nor 
Kor 3 certificates (NK 3) to settlers who are allocated land from 44 self-help land 
settlements.  The Department of Cooperative Promotion issued Kor Sor Nor 5 certificates 
(KSN 5) to settlers in their 54 cooperative settlements.  At present, both organizations can 
not create any new settlements by the cabinet resolution.  The Royal Forest Department 
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created a program that allows squatters who encroached upon the national forest reserves to 
claim the land, up to a maximum of 15 rai, and lease any additional land from the Royal 
Forest Department not to exceed 50 rai.  The certificate for the 15 rai of land is called Sor 
Tor Kor (STK), meaning the right to cultivate.  The last one of this group is the Agricultural 
Land Reform Office.  This organization allocates land on public land, such as, deteriorated 
forest, unused public land, and land bought from private groups and individuals.  The target 
group of this organization is the Thai landless and near-landless farmers.  The Agricultural 
Land Reform Office gives certificates call Sor Por Kor 4-01 (SPK 4-01).  Mostly used in the 
past, the certificates were issued to the encroacher in the deteriorated forest area (TDRI, 
1986).  During 1975 to 2002, the Agricultural Land Reform Office issued SPK 4-01 
certificates to farmers in land reform areas.  A total of 21,775,441 rai were certified to 
1,349,586 cases, through 1,626,865 certificates (see Table 3.6).  
Another nine organizations award land certifications in Thailand.  The Office of 
Accelerated Rural Development, the Department of Policy and Planning, the Provincial 
Committee, and the Electricity Generating Authority of Thailand, also award land certificates 
under the Thai Ministry of the Interior.  The Land Development Department, the Royal 
Irrigation Department, the Forest Industry Organization, under the Thai Ministry of 
Agriculture and Cooperatives also award land rights certificates.  The National Security 
Command and the War Veteran’s Organization also award certificates under the Ministry of 
Defense.  All nine organizations have lesser roles in land allocation.
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SPK 4-01 Certificate issuance 
Year 
Rai Case No. of certificate 
1975-1979 48,113 3,220 3,233 
1984 218,374 12,328 13,666 
1985 140,462 7,889 9,162 
1986 210,236 12,469 14,182 
1987 292,784 15,622 17,842 
1988 322,530 16,480 20,094 
1989 378,219 19,522 24,261 
1990 394,203 24,615 31,274 
1991 678,691 40,193 49,077 
1992 227,292 12,775 14,991 
1993 1,064,090 61,931 75,290 
1994 2,397,207 109,137 134,808 
1995 177,866 8,398 11,747 
1996 1,776,450 108,972 134,523 
1997 1,630,040 111,130 134,091 
1998 1,777,916 117,865 143,832 
1999 2,348,673 148,436        181,693  
2000    2,653,679      171,572        208,765  
2001 2,516,599         168,810       199,903  
2002 2,415,325  172,142        197,120  
Total 21,775,441 1,349,586 1,626,865 
Table 3.6. SPK 4-01 certificates issued by the Agricultural Land Reform Office during 1975-
2002 (Agricultural Land Reform Office, 1998, 2003). 
 
    
  70 
Land allocation and the issuance of land right certificates have been accelerated over the 
last decade from every level and organization of government.  Due to many organizations 
working on the same issue, the overlap of jurisdiction and administration has often incited 
conflict and a general lack of coordination across government, and as a consequence, rights 
on the use of land are different and inequitable across governing organizations.  Services 
from these organizations still are ineffective and inefficient, because of a general lack of 
budget and manpower to solve problems involved in land allocation, land inspection, and 
land improvement, and to support the training of farmers in the use of new technologies.  
Planning guidelines and policy implementation approaches are routinely changed as new 
governments are formed. 
(3.5) Policy and Implementation 
Land use policy in Thailand started in the Sukhothai Period (1238-1350), in the Period 
of King Ramkhamheang.  The stone inscription of 1292 indicates the first land use policy in 
Thailand, whose general policy intent was that whoever plants the fruits and the trees could 
have them for their own use.  In the Ayutthaya Period (1350-1767), due to disputes in land 
ownership, the King issued the land code of 1360 that claimed all land belong to the King. 
Land-holders can only use the land, but they can not own it.  Land can neither be alienated 
nor be inherited.  However, after the end of the Ayutthaya Period, land became alienable and 
heirs were able to inherit it.  
In the early Rattanakosin Period (1782-1932), most of the land in rural areas belonged to 
the feudal chiefs and these lands were passed on to their heirs (RFD, 1968).  In 1896, the 
Royal Forest Department was established by King Chulalongkorn and attached to the 
Ministry of the Interior.  Three years after the establishing the Royal Forest Department, all 
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land under the possession of feudal chiefs was transferred to the government.  In 1901, the 
department of land was established in the Ministry of Agriculture, and a national land survey 
was conducted to assess land types and general holdings of the country.  The Torrens 
System, the system of land tenure and transfer, was introduced into Thailand in 1901, and the 
government started to examine claims, register the documents, issue land titles, and 
guarantee the accuracy of documents.  In 1908, the Land Title Deed Insurance Act was 
enacted. 
In April 1855, the Bowring Treaty between England and Thailand was signed. Thailand 
made similar treaties with other western countries that caused Thailand to change from a 
closed country to an open country.  During this period, first subsistence agricultural, rice, 
become commercialized that led to the adoption of land use plans in the Central Plain area 
north of Bangkok.  Land and water resource development was the most important issue.  
Many irrigation canals were developed and land along the canals were traded and rented as a 
commodity (TDRI, 1992).  
In 1932, after Thailand changed the government system from an absolute monarchy to a 
constitutional monarchy, the new government canceled the feudal approach to land and 
reduced the power of the capitalists.  An economic plan was prepared, but not implemented 
until 1961.  Between 1932 and 1960, there were many laws and regulations developed that 
related to land use policy.   
For example, in 1954, the government issued a land code by collating several land laws.  
Its content included land survey, registration, issuance of land right documents, land 
allocation, control of state land, and land preservation (TDRI, 1986).  
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After 1960, many government offices participated in land administration. In 1961, the 
first national plan, the First National Economic Development plan, was created.  Currently, 
Thailand is working on the Ninth National Plan.  The first plan was a six-year plan, whereas 
the others were designed as five-year plans.  Every national plan, from the first to the ninth, 
contains policies that relate to land use and land cover management.  The main focus on each 
plan can be summarized as follows (NESDB, various years): 
a) The first national economic development plan (1961-1966) had a policy for land 
classification, and also a program of land allocation to the landless farmers.  
b) The second national economic development plan (1967-1971) highlighted the 
improvement of land ownership for agriculture, and land leasing systems for 
agriculture and agriculture productivity. 
c) The third national economic and social development plan (1972-1976), the first 
plan that included social issues, underlined the certification of land ownership 
documents, the need to prevent or eliminate the loss of landownership by farmers 
and to increase farmer land-holding, improvement of land productivity, and 
extension of land conservative areas. 
d) The fourth national economic and social development plan (1977-1981) 
emphasized land reform as an important issue of land allocation for agricultural 
development.  Improving land regulations to fit the situation of economic, social, 
and natural environment development were emphasized. 
e) The fifth national economic and social development plan (1982-1986) highlighted 
(1) acceleration of the national land use survey to limit expansion of urban areas 
into agricultural zones, (2) limit land rights for private agriculture, not to exceed 
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50-rai, and establish land banks for buying the surplus crop yields from the 
private agriculture for trade to landless people, (3) acceleration of land reform, (4) 
surveying deteriorating forest area that was suitable for agriculture, and allocation 
of forests to villages, (5) improving the rate of land leasing, (6) banning land 
settlement and new land cooperatives, (7) improving land quality, e.g. saline and 
acidic soil. 
f) The sixth national economic and social development plan (1987-1991) underlined 
(1) creating land use and land cover development plans, (2) creating land 
information systems, (3) speeding up the development of land banks and land 
reform procedures to distribute land rights to farmers, (4) improving the system of 
land taxation and land valuation, (5) accelerating the classification of suitable 
agricultural land from forest areas, and (6) accelerating land allocation and land 
titling. 
g) The seventh national economic and social development plan (1992-1996) 
emphasized (1) land reform for large tracts of land, approximately 4,800 square 
km., (2) accelerating land titling throughout the entire country, and (3) enforcing 
the serious use of land leasing codes. 
h) The eight national economic and social development plan (1997-2001) 
highlighted (1) the development of the Community Forest Act, (2) monitoring 
land use in land reform areas and the issuance of land right documents, and (3) 
promotion of multi-crop strategies, instead of mono-crop farming, and improve 
soil quality. 
  74 
i) The ninth national economic and social development plan (2002-2006) 
emphasized (1) increasing efficiency of land management in natural resource 
planning and environment by transfer the authority from the central 
administration to local the administration, (2) collating and improving laws and 
regulations related to land use, land control, and urban growth, and (3) creating 
and developing a natural resource and environment data base. 
As the national plans were developed and implemented not all policies were successful.  
After Thailand’s shift from an absolute monarchy to a constitution monarchy (1932 to the 
present), 55 governments have been formed in the last 73 years, and each government did not 
pay attention to land use policies to the same degree or in the same way, changing depending 
upon the situation and political atmosphere.  
(3.6) Important Implementation on Land Use: Past to Present 
Since the first national development plan in 1961, the government began a series of land 
classification projects that demarcated 50 percent of the total area of the country as forest 
area, about 160 million rai.  It was determined that Thailand’s forests could be reduced to 
120 million rai depending upon the total population and the needs of the people for 
agricultural cultivation.  In 1961, the National Park Act was issued as an approach for 
protecting forests and their social and ecological services. 
In 1964, the government issued the National Reserve Forest Act and the Royal Forest 
Department was established to reserve a forest area of 147 million rai.  The cabinet created a 
resolution to transfer the land classification responsibility from the Land Department Office 
to the Land Development Department in 1983 under the Land Development Committee. 
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During 1962-1977, the increasing population and the shift from subsistence agriculture 
to commercial agriculture, by agriculture development policy from the government, caused 
the near landless farmers, landless farmers, and new farmers to encroach into the reserved 
forest area.  Farmers who cropped in traditional ways without appropriate knowledge of new 
land management technologies neglected to preserve the soil and water that caused land 
degradation and erosion.   
The government, therefore, issued many laws, regulations, acts, and cabinet resolutions 
to prevent and improve land resources and land allocation of land to farmers.  The selected 
important laws are as follow: 
1. Land Allocation Act 1968. This Act proposes to help landless people or people 
who work in specific jobs to have land for housing and to earn a suitable living.  
The Department of Public Welfare and Department of Cooperative Promotion 
were created to oversee this public act of 1968.  The Act allowed those two 
agencies to allocate land for settlement.  The Department of Public Welfare took 
care of self-help land settlement projects that allocated land for housing and for 
Thais to earn a living by issuing Nor Kor certificates.  The Department of 
Cooperative Promotion launched cooperative settlement projects and issued Kor 
Sor Nor certificates. Members of these two settlement projects were allocated 
land not more than 50 rai for agricultural proposes.  Those two certificates can be 
changed to Chanode or Nor Sor 3 when the agreement is fulfilled.  
2. Land Consolidation Act 1974. This Act had the objective of developing land for 
agriculture by integrating technical methods of land development at the inter-farm 
and farm levels with water management to yield more products and to reduce 
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costs.  There are five main activities in land consolidation that this Act addresses: 
(1) construct a minor irrigation system to supply water to each farm; (2) construct 
a minor drainage system to evacuate excess water from each farm; (3) construct 
farm roads along the irrigated farm to allow accessibility to farms and markets; 
(4) adjust farm lands to suit them to new irrigation and drainage systems; and (5) 
level farm land to be more suited to on-field water control. Most of the land 
consolidation projects were operated in irrigation areas. 
3. Land Reform Act 1975. This Act called for the creation of the Agricultural Land 
Reform Office whose goal was to improve land distribution and security of land 
tenure on both public and private land.  Rights of land under this Act include the 
ability of farmers to rent, hire-purchase, utilize, and own land.  If land was issued, 
the SPK 4-01 certificate, the land can not be sold, given away, or transferred 
within three years of obtaining the certificate. Land allocated through this act was 
limited to between 50-100 rai per household. 
4. Cabinet Resolution 1975. Under this resolution, the Royal Forest Department 
had the authority to settle issues and problems related to the forests occurring 
along nearby villages, on the borders of forest reserved areas, or by groups of 
squatters from the encroached reserve forest area. 
5. Cabinet Resolution 1979. Under this resolution, the Royal Forest Department 
became responsible for the Sor Tor Kor land certificate program that allowed 
squatters in encroached forest reserves to claim land, not more than 15-rai, and to 
lease any additional land up to a total of 50-rai.  Certificates issued by Royal 
Forest Department are called Sor Tor Kor 1 and Sor Tor Kor 2.  Lands held 
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through this land rights certificate can be inherit by heirs, but can not sold, given 
away, or transferred. 
6. In 1987, the cabinet assigned land policies that emphasized land use efficiency 
and effectiveness:  
a) Economic policy underlined the use of land using outside of forest 
boundaries, accelerated the issuance of land right certificates, improved 
the collection of land taxation, improved land price assessments, collected 
high rates of tax from owners of under utilized land, accelerated land use 
planning in urban areas, and managed mangrove forests. 
b) Social policy that addressed the problem of land allocation, issuance of 
land right certificates, accelerated land reform, and corrected and adjusted 
law regulations related to land allocation and land right. 
c) Land preservation policy, reviewing and adjusting laws and regulations 
related to land preserve areas and their use. 
d) Security policy, using land for military proposes, particularly in the border 
areas. 
e) Hill tribe policy, allocating land for hill tribe settlements. 
In the ninth national development plan (2002-2006), the government and agencies 
related to soil management and land use were implemented to solve problems about soil and 
land use, land holding, soil degradation and erosion in the short- and long-term.  
The Land Development Department was linked to other offices in the Ministry of 
Agricultural and Cooperative to develop a plan for use in land reform areas, increase 
effective use of water in irrigation areas, support yield management and marketing to farmer, 
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support chemical use to make fertilizers, create small pond for integrated agriculture, build 
sub-district agricultural technology transfer centers, and develop a soil data base through the 
use of air photos and satellite images.  The Royal Forest Department was charged with the 
responsibility to solve problems of encroaching forest areas, wild fires, and to protect 
growing rubber trees in forested area. 
The Department of Land accelerated the issuance of NS 3, and Chanode land certificates 
by increasing the cadastral survey all areas of the country, and to allocate small farms to 
farmers.  The Agricultural Land Reform Office accelerates the buying of land from private 
owners, allocates land to landless farmers, and accelerates land right certificates.  
The Land Development Department was charged with the responsibility of solving 
agricultural problems associated with acidic soleplate soils by giving chemicals to cure soil 
deficiencies and to improve yields of more products over a 5-year period by allocating up to 
50,000-tons of manure to 10,000 farmers in deteriorated land, and land affected by droughts.  
The Land Development Department also examined the problem of soil salinity in the 
Northeast, and promoted the integrated farm in cooperatives in association with the Royal 
Irrigation Department. 
(3.7) Conclusion  
In sum, land use policy and implementation strategies in Thailand have been carried out 
for a very long time and are still occurring.  The physical, socio-economic, cultural, and 
political issues related to land resources and use have affected policy implementation.  
Planning and the formulation of policy and management in land use practices need to be 
integrated across the multiple organizations and government acts that relate to land use and 
land cover states and conditions.  Every agency that has responsible for the land must works 
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as a team to improve the land resources and land use of Thailand.  A top-down and a bottom-
up concern for the land must be manifested in useful policies and procedures to benefit the 
people and the resources of the country, from urban places to remote rural areas. 
 
  
CHAPTER 4 
ACCESSIBILITY AND LAND USE / LAND COVER CHANGE 
(4.0) Introduction 
Accessibility, in general, is the ability to reach desired goods, services, and destinations. 
Geographical accessibility or physical accessibility means mobility or physical movement, 
such as, walking, cycling, and public transport via trucks or by other modes of transportation 
(TDM Encyclopedia, 2005).  In rural areas of Thailand, people generally gain access to 
market towns by public transport, pickup trucks, or motorcycles.  Access to agricultural areas 
in Thailand generally occurs by walking or through the use of trucks.  In the past, when new 
roads were built that passed through forests, individuals in Thailand were able to gain access 
to new lands and clear forests for agricultural cultivation and housing. Groups of villagers 
from far away locations searched for good land to settle.  Villages were developed near new 
roads or along existing roads and LULC began to change primarily through deforestation and 
agricultural extensification.  Roads are important tools of geographic access, and settlement 
and agricultural extensification are critical mechanisms in changing the Thai rural landscape.  
Road construction favors rural people, and roads also cause LULC changes that have 
negative (e.g., deforestation) and positive (e.g., development) effects on local and regional 
settings (Cromitz and Gray, 1996).  Connectivity of roads also plays an important role by 
increasing geographic accessibility and, thereby, increasing the rate and magnitude of LULC 
change. 
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This chapter describes the study history of road changes in Nang Rong district.  The road 
connectivity is examined by mapping roads from the 1950s through the 1990s using a series 
of mosaiced, panchromatic, aerial photographs and the existing road coverage in the Nang 
Rong project database captured from a 1:50,000 scale, 1984 topographic maps prepared by 
the Thai Military.  The level of road connectivity is assessed over time for selected Intensive 
Study Areas (ISA).  Relationships between the level of connectivity of villages and the rates 
and patterns of LULC change within selected road buffers (i.e., 500, 1000, and 1500 meters) 
is assessed over space and time. 
(4.1) Background and Context 
Road construction in Thailand has accelerated since Thailand started the first national 
economic development plan. Roads were planned to be the “belts” for moving commercial 
crops from remote areas to market centers and to the central cities for distribution to foreign 
countries.  In northeastern Thailand, the first standard paved road was constructed in 1957 
through the support of the US government. The road extended from Saraburi to 
Nakhonrachasima or Korat.  This road was named the “Friendship Road” as a sign of 
friendship between the Thai and the US government, and as a strategic transportation link to 
support US military interests in Vietnam.  This road was later extended to Nong Kai as 
National Highway No. 2. The other main road to the Northeast region was Road No. 24 that 
runs 369 kilometers from Nakhonrachasima to Ubonrachathani along the Thai – Cambodia 
border in the southern portion of the Northeast.  The road construction contract was signed in 
1963, and completion was planned for 1968, but at the end of the contract period only 26 
percent of the road construction was completed. The report from the Provincial Highway 
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Office in Buriram indicated that the road section in the Nang Rong area was paved with 
asphalt in 1980. 
In 1962, the Thai government created the Military Mobile Development Unit under the 
Ministry of Defense to retain villagers in their home villages and to prevent them from 
participating in communist activities.  The Military Mobile Development Unit trained 
villagers in road construction as an alternative to agriculture. Villagers built wells, ponds, and 
roads between villages and within village locations. 
In 1964, the Thai government launched the Accelerated Rural Development Program 
(ARD) under the Ministry of Interior, supported by the United States Agency for 
International Development (USAID).  ARD was aimed at strengthening and promoting  rapid 
rural development in selected provinces in the Northeast, similar to the Military Mobile 
Development Unit, and to “pull” villagers back from communist activities.  A few years 
later, ARD extended the area of interest to all provinces in the country.  The objective of 
ARD was to promote “better living and good production” of villagers in rural areas.  To 
succeed in this general objective, the first strategy was to construct the roads that linked 
villages to markets and towns.  Roads were built by ARD, and in the past, all were made of 
lateritic (gravel) material. In the 1980s and 1990s, ARD paved with asphalt a number of 
these gravel roads.  In 2002, ARD was dissolved, and other divisions took responsibility for 
road construction. Much of the responsibility was transfered to the Department of Rural 
Roads in the Thai Ministry of Transportation and Communication.  Other divisions relate to 
socio-economic development were transferred to related ministries. 
The Department of Public Works (DPW), in the Thai Ministry of Interior, is one of the 
agencies that has played an important role in road construction, principally before 2002.  This 
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department has provincial offices in every province and responds to road construction needs 
and activities in the provinces and districts, particularly in municipal and sanitary areas, and 
for the construction of some roads that link provinces and districts. DPW also supports the 
development of concrete roads in village communities.  Today, this department is charged 
with the transfer of works and responsibilities related to road infrastructure, road building, 
and road maintenance to the Tambon Administration Organization.  DPW also had 
transferred some personnel to the Department of Rural Roads (DOR).  The DOR has recently 
been changed to the Department of Public Works and Town and Country Planning. 
Community Development Department (CDD), in the Ministry of Interior, was founded 
in 1962 with the aim of enpowering villagers with the knowledge of self-help, problem 
solving, and planning for their own communities by using villagers as the center of 
development. Using the same activities as ARD, CDD also accentuates the use of planning 
tools to participate in community development projects.  CDD trained villagers (e.g., 
housewives, young adults, and farmers) for new occupations and did some road building and 
maintenance, taught village committees about planning, and engaged tambon committees in 
the planning process to help these committees plan their 5-year village and tambon 
development plans.  This department built roads within the villages, roads between villages, 
and roads to water resources -- all roads are lateritic or gravel. Now, roles and duties related 
to transportation infrastructure including the construction equipment and some personnel of 
this division have been transferred to DOR.  Nowadays, Tambon Administration 
Organization (TAO) plans and implements their own projects including roads.  
Planning for road construction and maintenance are generally organized by the agencies 
that occur in the place where the roads are to be constructed.  The Department of Highways 
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responds to special highways such as inter-province highways and concession highways.  
DOR plans and responds to needs in rural areas such as intra-province highways (i.e., 
province to district and district to district roads). Both agencies use budgets from the central 
government.  Provincial administration organizations use provincial budgets to manage road 
building and maintenance.  Municipal and sanitary areas (all sanitary areas have been 
dissolved to TOA, and some sanitary areas have been upgraded to municipal areas) have 
their own administration and committees.  They collect taxes and use their budgets to 
manage their own infrastructure, and in cases of insufficient budgets, they can ask for support 
from the provincial government and the Ministry of Interior.  TOAs also have their own 
plans; the 5-year tambon development plans. Rural areas are the responsibility of TOAs.  
(4.2) Road Connectivity 
Connectivity is the direct link (i.e., through road segments) and the density of those 
connections within  road networks.  A well connected road network has many short links, 
many intersections, and few closed segments such as cul-de-sacs.  As connections increase in 
the road network, travel distances may increase as well as route options provide for greater 
accessibility.  Land use policies in urban and rural settings advocate an increase in network 
connectivity as a way to increase land use accessibility.  Connectivity and road networks play 
important roles in the economic development of a region as a consequence of improved 
access and land development that occurs along these roadways and on lands previously 
isolated and relatively inaccessible.  Roads and rail-lines are networks that serve to move and 
transport materials and people from place to place.  Rivers and streams also are networks that 
serve to move and transport people and goods by boat and also provide for pathways of 
movement for fish and other aquatic creatures (Demers, 1999).  
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To assess how much the roads or pathways are connected, connectivity indices have 
been derived that are used to quantify network connections and nodes or travel destinations.  
A higher connectivity index indicates that the network has an increased set of connections, 
thereby, suggesting a greater choice of routes that allow more direct connections for access 
between any two locations (Kansky, 1963; Taaffe and Gauthier, 1973; Haggett et al., 1977).  
The two most common tools used to assess geographical connectivity of networks are the 
Gamma index and the Alpha index (Demers, 1999).  
The Gamma index (γ) is a ratio of the links (edges) and nodes (vertices or points) of a 
given transportation network.  This index compares the number of links, L, in a given 
network to the maximum possible number of links between nodes.  To calculate this index, 
the number of links that actually occur in the area of interest is determined along with the 
number of possible links in the same area.  The maximum link is defined as 3(V – 2), where 
V is the number of nodes.  The Gamma index is calculated by dividing the number of links, 
L, by the maximum number of links, 3(V – 2).  The Gamma index ranges from 0, no links 
between nodes, to 1, where all possible links are connected to all nodes (Forman and Gordon, 
1986).  Alternatively, the level of connectedness can be indicated as a percentage ranging 
from 0 to 100 percent (Kansky, 1963).  An example is the characterization of an isolated area 
where road links are limited or nearly non-existent versus a highly integrated location 
suggested by a great many roads connecting the location to near and distant places.  The 
dichotomy between the connectivity of Nang Rong town and Bangkok is an example. 
The Alpha index (α) is used to measure circuitry of a network that provides alternate 
paths for travel from place to place (node to node).  The Alpha index is a ratio of the exiting 
number of circuits to the maximum possible number of circuits.  The actual number of circuit 
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is defined as (L – V) + 1 and the maximum number of circuit also is 2V – 5.  The Alpha 
index ranges from 0 to 1 or it can be expressed as a percentage from 0 to 100.  An example of 
a dense circuitry is the downtown area of large cities that have road networks arrayed in a 
regular grid. 
(4.3) Land Use/Land Cover Change and Connectivity 
Studies of LULC change and landscape ecology generally involve issues of geographic 
access to villages suggesting labor connections, access of households to towns suggesting 
market integration, and access to fields suggesting the propensity for deforestation and 
agricultural extensification.  Landscape ecology has two main themes.  The first theme 
emphasizes the need to accommodate living things and their environments.  The second 
theme is the need to maintain or create a sense of place, orientation, and order with respect to 
the users of that environment.  These two themes require an understanding of how social and 
biophysical environments inter-relate, how they co-exist, and how they are likely to change 
in the future.  The study of landscape ecology emphasizes the understanding of the landscape 
and its management in a thoughtful and creative manner by evaluating plans and concerns 
that describe the use, non-use, or reuse of land and its resource endowments (Toth, 1988).  
The use, non-use, or reuse of land is related to landscape patterns, landscape compositions, 
and landscape processes, and the nature of pattern-process relations.  
Social, spatial, and natural scientists have collaborated to study LULC change using 
multi-thematic data and by linking people, place, and environment (Moran et al., 1994; Fox 
et al., 1995; Rindfuss et al., 1996; Enwisle et al., 1997; Walsh et al., 1998).  Remotely sensed 
data, such as aerial photos and satellite images, are used and integrated with other spatial data 
sets that are organized within a GIS environment.  Rindfuss et al. (1996), Enwisle et al. 
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(1997), and Walsh et al. (1998) have used a time-series of satellite images to examine the 
relationships between spatial landscapes and household- and community-level demographic 
data for Nang Rong district.  Landscape conditions, land cover classes, social variables (e.g., 
total population, sex ratios, age ratios and the number of households at the community level), 
geographic variables (e.g., geographic accessibility, Euclidean and network distances to 
rivers, roads, and villages), and biophysical variables (e.g., terrain settings, soil 
characteristics, and climatic factors) are used to characterize the causes and consequences of 
land use/land cover dynamics for coupled human-natural systems.  
Studies of landscape pattern and composition have recently relied upon pattern metrics, 
algorithms that describe the spatial structure of LULC types, at the landscape-, class-, and 
patch-levels (Forman and Gordon, 1986).  Landscape metrics spatially quantify the spatial 
organization of LULC for prescribed study areas (e.g., village territory, province, or a 
watershed) by computing the spatial structure of all LULC types represented in the data set 
or satellite image (e.g., forest, water, cropland, communities). Class metrics compute the 
spatial organization of a single cover type (e.g., forest), whereas patch-level metrics compute 
the spatial organization of contiguous units of a single cover type (e.g., forest patches) 
(McGarigal and Marks, 1994).  This study focuses only two classes of landscape; forest and 
non–forest. 
(4.4) Roads in Nang Rong District 
Nang Rong is a district in Buriram province, Northeast Thailand. It is located 
approximately 350 kilometers from Bangkok.  The total area of Nang Rong is about 1,348 
square kilometers.  Most of Nang Rong district is relatively flat, shaped by the Korat plateau.  
There is some upland and hilly areas distributed in the southern portions of the district. Nang 
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Rong district has four main rivers that flow through it in essentially a south to north direction 
through the district.  Two of these main rivers flow perennially, while the other two flow 
intermittently.  In 1954, Nang Rong district, as well as Nang Rong town, was a relatively 
minor settlement area, and the roads that served the region and the population were mostly 
lateritic in design, and most certainly, not classed as “all weather” roads.  People who wanted 
to travel to Bangkok went to Buriram province (a northeastern route from Nang Rong 
district) or to Lamplaimas district (a northern route from Nang Rong district) to take the train 
or bus, a trip lasting nearly a full day of travel.  Roads connecting Nang Rong district to 
Buriram province began in 1943 and were upgraded to lateritic (gravel) in 1954, and finally 
paved with asphalt in 1967.  The main road to Lamplaimas district was constructed in 1950 
and paved in 1978.  Roads from Nang Rong district to Pa kam district in the south, Nong Ki 
district in the west, and Pra Khon Chai district in the east were initially developed in 1954 as 
well.  All these roads were loose surface lateritic roads (Royal Highway Provincial Office, 
2001).  In 1954, 50 percent of Nang Rong district was covered with forests, but by 1990, it 
was reduced to 10 percent of the district, and then primarily in upland settings and riparian 
corridors.  Forests are often retained in and around villages, primarily for shade, but they are 
not considered as forest land within the same context as the uplands and riparian areas. 
(4.5)  Research Methodology 
A comparative time-series analysis is used to investigate how the road networks differ 
between dates and how the landscape has changed over time.  The methods used are  briefly 
described, and include: (1) a series of panchromatic aerial photographs for 1954, 1967, 1984 
and 1994 (nominal scale of 1:50,000) were scan digitized and rectified to Landsat Thematic 
Mapper (TM) images for 1990 and 1993 that were previously registered to the Universal 
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Transverse Mercator (UTM) coordinate system; (2) six intensive study areas (ISAs) were 
selected from three distinct geomorphic settings: uplands, terraces, and lowlands; (3) roads 
(excluding cart paths and walking trails) were digitized for each ISA for the four time 
periods; (4) connectivity indices (Alpha and Gamma) were derived to measure the 
geographic accessibility for each ISAs for the four time periods; and (5) LULC change was 
assessed along the all-weather roads for the whole district for 1954 and 1984 using pattern 
metrics and spatial buffers.  The 1954 period marks the earliest airphoto period and a time in 
Nang Rong district when roads were relatively scare, lateritic in cover, and LULC was 
dominated by forested uplands, but also broad riparian forest areas, and extensive forests in 
what is now extensive lowland rice paddies.  By 1984, the “modern” road network was 
developed. Since 1984 additional roads were constructed and road segments were improved 
by paving gravel roads to make all season roads.  The 1984 road coverage is the most 
detailed by characterizations of road type and spatial representation.  The data layer was 
generated by field and photogrammetric work conducted by the Thai military.  The 1984 
road surface has served as the primary transportation data set for the Nang Rong projects.  
While the mapping of roads was completed for other dates in addition to 1954 and 1984, the 
LULC change analysis in varying spatial buffers was conducted only for 1954 and 1984, 
when most of the land changes occurred. 
The 1994 panchromatic aerial photographs originally were printed at a scale of 1:50,000. 
They were scanned at 600 dpi and represented as a 0-255 grayscale image.  A total of 45 (of 
the 122 collected images for the broader Northeast region) were scanned to cover the Nang 
Rong district.  The 1993 Landsat TM image and GPS coordinates collected during fieldwork 
in 2000 were used as vertical and horizontal reference data for planimetric control.  Ground 
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control points (GCPs) were collected at landmark locations that were clearly identified on the 
various remote sensing imagery, such as road intersections and bridges.  Landmarks that 
changed overtime such as stream meanders were avoided.  After each image was registered 
by using the GCPs, tie points were created for photo mosaicing by using the same ground 
features that appeared on the overlapping area of the air photos.  Before mosaicing, each air 
photo was checked for errors and GCPs on some photos were adjusted to reduce error by 
using ground photos and narrative documentation to reduce the root-mean-square error 
(RMSE) of the georectification to 0.5 pixels.  The borders of 45 photos of Nang Rong were 
cropped and then mosaiced with 20 meter overlap.  Color balancing and adjusting were 
manually implemented with some limited function supported provided by the ERDAS image 
processing software.  
The 40 panchromatic airphotos acquired in 1984 were mosaiced using 1994 georectified 
and mosaiced photos as referenced using a similar process.  For the 1954 and 1967 mosaiced 
airphotos, the 1990 Landsat TM image was used as the reference image.  The processing of 
mosaicing the 2-meter pixel air photos using 30-meter Landsat TM pixels as spatial reference 
induced some uncertainty, but maps from those periods were unavailable.  The difference in 
the time of acquisition between the airphotos and the Landsat TM image provided special 
challenges in the identification of useable GCPs.  
The collections of airphotos for 4 different periods (1954, 1967, 1984, and 1994) were 
classified into “Forest” and “Non-Forest” land cover types.  Rather than using traditional 
digitizing methods, whereby polygons of “Forest” and “Non-Forest” are digitized through 
on-screen techniques, an image processing approach was utilized to define the two general 
categories of land cover.  For each of the 4 dates of mosaiced images, a hybrid 
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supervised/unsupervised process was run in ERDAS Imagine.  Parameters relating to the 
number of classes, convergence of classes, and number of iterations were specified (20 
classes, 20 iterations, and 98 convergences).  This ISODATA (Iterative Self-Organizing Data 
Analysis Technique) classification approach yielded 20 clusters of information classes.  
ISODATA techniques are usually utilized on multi-band images (such as Landsat TM data), 
whereby, the different bands (visible, near infrared and middle infrared) contribute 
information to the process.  However, since the airphoto mosaics are simple gray-scales, and 
not multi-spectral images, the generated clusters were based on hue, contrast, tone, and 
brightness of the input image.  
Once the 20 clusters/classes were generated, they were visually inspected, with the air 
photo mosaic as the background, and attributed as either “Forest” or “Non-Forest”.  The 
decision of whether a class is “Forest” or “Non-Forest” was based on texture, hue, 
brightness, tone of the air photo mosaic, as well as the geographic location of the class within 
the district.  Ground control information that included GPS locations and field 
characterizations of LULC types aided the classification process.  Once all of the clusters 
were attributed, the 20 cluster image was recoded into a two-class, “Forest” and “Non-
Forest” image.  
(4.6)  Intensive Study Areas and Roads 
Intensive study areas (ISAs) were selected -- two in the upland field crop area, two in the 
transitional terrace area, and two in the lowland paddy rice, floodplain area.  At least one 
1984 survey village was positioned in the center of each ISA.  The ISAs measure 5 x 5 
kilometers in size and are used to examine the relationships between roads and LULC in the 
four time periods: 1954, 1967, 1984, and 1994 (see Figure 4.1).  
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The ISAs located in the southwest portion of Nang Rong did not contain a village in 
1954 and 1967 and did not contain any road, but by the 1984 time period, villages were 
settled and roads constructed in these study sties.  With each ISA, roads were on-screen 
digitized using the panchromatic, 2 x 2 meter pixels. Interpretation and digitization of all-
weather roads were easily performed, but the description and digitization of walking paths, 
cart paths, and paddy bund trails were very difficult.  Walking paths and cart paths normally 
are not straight lines, but are highly variable in their pattern (i.e., width, orientation, and 
sinuosity).  In addition, forest canopies can obscure their presence (see Figure 4.2-4.13).  
 
Figure 4.1. ISA location in Nang Rong district. 
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    Figure 4.2. ISA #1 for 1954 and 1967. 
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Figure 4.3. ISA #1 for 1984 and 1994. 
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Figure 4.4. ISA #2 for 1954 and 1967. 
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Figure 4.5. ISA #2 for 1984 and 1994. 
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Figure 4.6. ISA #3 for 1954 and 1967. 
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Figure 4.7. ISA #3 for 1984 and 1994. 
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Figure 4.8. ISA #4 for 1954 and 1967. 
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Figure 4.9. ISA #4 for 1984 and 1994. 
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Figure 4.10. ISA #5 for 1954 and 1967. 
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Figure 4.11. ISA # for 1984 and 1994. 
  
 
103 
 
Figure 4.12. ISA #6 for 1954 and 1967. 
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Figure 4.13. ISA #6 for 1984 and 1994. 
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When roads in all ISAs were digitized using ARC/INFO software, they were saved as 
GIS coverages and attribute tables of links, nodes, and lengths were automatically generated. 
All nodes at the edges of each ISAs were clipped to avoid biases caused by real and artificial 
nodes. All links and nodes from each ISAs were subsequently used as input to the Gamma 
and Alpha index formulas: 
 
  Gamma (γ) = # of links / (3(# of nodes) - 2)) 
  Alpha (α) = ((# of links) - (# of nodes)) + 1 / (2(# of nodes)) - 5  
 
Besides examining the changes in the geographic accessibility within selected ISAs, the 
basic intent was also to study the changes in LULC in Nang Rong district by concentrating 
on “all weather” roads and considering forest and non-forest land uses for 1954 and 1984.  
The oldest date of the image time-series, 1954 represents a snap-shot in time when forests 
were at their areal maxima, whereas 1984 represents the road surface of greatest certainty 
and definition as well as the period that represents the most significant increase in road 
connectivity within Nang Rong district.  Areas along the all-weather roads in Nang Rong 
district, both paved and unpaved, were selected for study. Spatial buffers were generated to 
examine the composition and spatial organization of LULC for 1954 and 1984 within 500, 
1000, and 1500 meters.  Areas within the three spatial buffer dimensions were converted to a 
grid format and then imported into FRAGSTATS software to calculate landscape and class 
metrics. 
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(4.7)  Spatial Organization of Land Use/Land Cover along Roads 
FRAGSTATS (McGarigal and Marks, 1994) is the software that was used in this 
research to generate landscape scale and class metrics.  Landscape metrics described the 
spatial structure of LULC for the entire territory defined within the various buffer 
dimensions.  Within this landscape, a variety of different land cover types may exist (e.g. 
forest, water, agriculture), each of which may be considered a landscape class. Land cover 
classes are composed of a set of patches of the same land cover type.  A patch is an area of 
the same land cover class organized as a contiguous unit.  Landscape metrics describe the 
spatial pattern and composition of the entire landscape, class metrics describe the pattern and 
composition of one land cover type, and patch metrics describe an individual homogenous 
patch (McGarigal and Marks, 1994).  
Landscape metrics provide information about the entire landscape rather than a 
particular land cover class or individual patch.  Many land cover metrics are summarizations 
of all land cover classes.  For example, the mean patch size at the landscape level is the mean 
patch size for all patches of each land cover class.  Metrics were selected to provide 
information about spatial composition and spatial configuration of LULC within the various 
buffer dimensions, and are described below:  
Patch Density (PD) - number of patches in the landscape divided by the total 
landscape area.  
Mean Patch Size (MPS) - total landscape area divided by the total number of patches 
in the landscape. 
Total Edge (TE) - sum of the lengths of all edge segments in the landscape, where an 
edge is defined as a border between two patches of different land cover types. 
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Edge Density (ED) - sum of all edges divided by the total landscape area. 
Mean Shape Index (MSI) - sum of the patch perimeter divided by the square root of 
the patch area for each patch in the landscape. This measure equals the 
average shape index of all patches in the landscape. A MSI value of 1.0 
indicates that all patches are square; MSI increases as the patches are 
increasingly irregular in shape. 
Patch density, mean patch size, and diversity indices indicate the composition of the 
landscape, and the nearest neighbor and edge indices provide information about spatial 
configuration.  Both compositional and configuration metrics are necessary to adequately 
characterize landscape structure from an ecological perspective (Forman and Godron, 1986; 
McGarigal and Marks, 1994).  Patch density is a basic measure of landscape diversity.  A 
landscape with low patch density has fewer small patches and larger, more homogenous 
patches.  A landscape with a higher patch density has smaller patches and more 
heterogeneity.  Mean patch size is a different representation of the same relationship.  A 
landscape with a high mean patch size will have larger patches relative to a landscape with a 
similar landscape composition, but with a lower mean patch size.  Mean nearest-neighbor 
distance is a measure that describes the distance between patches of the same class.  This 
metric is useful for ecological studies, because it can be used to indicate the distance between 
suitable habitats.  For anthropogenic landscapes, it is a useful to measure landscape 
configuration and composition.  
Class metrics are used to describe the spatial pattern and composition of one land cover 
type.  For example, for ecological or species habitat studies, a particular land cover class, 
such as forest, may be examined to determine the number of patches that are sufficiently 
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large to sustain a species required habitat or home range.  In the Nang Rong study area, forest 
and non-forest are the predominant land cover classes and for this research, class metrics 
were generated for these two land cover classes.  Forest is an important class, because it is 
the “natural” state of the landscape and examining remnant forest patches suggests the level 
of land cover change that has occurred in the study area as a consequence, primarily, of 
agricultural extensification.  In addition, forest patches are potential areas for future 
agricultural extensification, as has been seen in the cultivation of upland field crops 
beginning in the 1960s and 1970s.  These patches may be quantified to determine how much 
additional territory may be used for agriculture within a village's boundary.  The following 
list describes the class metrics generated for the forest and non-forest land cover classes 
(McGarigal and Marks, 1994): 
Percent of Landscape (PLAND) - sum of all areas of all patches of the 
corresponding patch type divided by the total landscape area. 
Patch Density (PD) - number of patches of the corresponding patch type divided by 
the total landscape area. 
Mean Patch Size (MPS) - sum of all areas of all patches of the corresponding patch 
type divided by the number of patches of the same type. 
Total Edge (TE) - sum of the lengths of all edge segments of the corresponding 
patch type. 
Edge Density (ED) - sum of all lengths of all edge segments of the corresponding 
patch type divided by the total landscape area. 
Mean Shape Index (MSI) - sum of the patch perimeter divided by the square root of 
the patch area for each patch of the corresponding patch type. A MSI value of 
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1.0 indicates that all patches are square, whereas a MSI value greater than 1.0 
indicates that patches are increasingly irregular in shape. 
The percent of landscape (PD) metric is a primary landscape composition measure. It is 
useful in describing the presence or absence of a particular class (e.g. amount of forest cover 
in a village territory).  Patch density is another measure related to landscape composition, but 
it also is a descriptor of landscape configuration.  A class may have a higher percentage of 
the total landscape, as well as, a higher patch density if it has many small patches of that type 
distributed across the landscape.  Alternatively, a class may have a higher percentage of the 
landscape and a lower patch density if it has many larger patches of that type distributed 
across the landscape.  Mean patch size, similarly, may be used as one element that describes 
the landscape composition and configuration from the perspective of a single class.  All land 
cover and class metrics were generated for each buffer size; the class metrics are examined 
for the forest and non-forest land cover classes.  Forest and non-forest cover (primarily 
agriculture) types are the two most prevalent classes in the landscape, and are critical to 
many themes in population-environment research as deforestation and agricultural 
extensification are important in tropical land transformations.  In this research, these metrics 
are compared to examine the sensitivity of land cover descriptors to different buffer sizes.  
The focus of this analysis is to examine metrics between buffer sizes rather than to examine 
combinations of metrics within a particular buffer area. 
(4.8) Research Results: Connectivity and Circuitry of Roads  
All ISAs with digitized roads overlay on top and were extracted as links and nodes and 
input into the Alpha and Gamma equations, previously presented.  The output from the 
formulas, the index of connectivity (Gamma) and the index of Circuitry (Alpha), was 
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generated for each ISA in 1954, 1967, 1984 and 1994.  In general, all ISAs show an increase 
in connectivity and circuitry with time as roads have been extended, new roads built, and 
roads improved through time.  Below is a description for each ISA for each time period.  See 
Table 4.1 for a tabular description of the nature of road dynamics for the ISAs and four 
periods selected for study.  
In ISA #1, using the Gamma index, Table 4.1 shows that in 1954 the connectivity of 
roads within the ISA increased by nearly 50 percent over the study period, suggesting that the 
ability of people to move throughout the ISA (and beyond) substantially increased.  The 
Alpha index shows that roads in ISA #1 are connected, generally, in a more robust way: 
approximately 23 percent in 1954, 19 percent in 1967, 25 percent in 1984, and 28 percent in 
1994.  Between 1954 and 1967, even though the number of links and nodes increased, the 
total number of links and nodes (and hence circuitry) decreased, because some new roads 
were constructed far from the community and not directly linked.  In 1984 and 1994, the 
numbers of roads increased as well as the links to the existing network circuitry. 
In ISA #2, a region that contains one large and early established village, has 71 
kilometers of roads in 1954, and the connection of these roads is 46 percent.  The number of 
road segments increased by 50 by 1967, but some of the road segments are short, dirt roads, 
as the length of new roads increased by only 3 kilometers.  However, the new roads that were 
constructed connected to the old roads that improved the Circuitry index values from 19 to 
28.  In 1984, the numbers of roads decreased possibly because population growth (i.e., 
newcomers or new young adults in the village who were forming new households) in 1967 
necessitated the search for land beyond the village territory, thereby, requiring small, dirt 
roads to link to the older and larger community.  After 1967, villagers started extending their 
  
 
111 
cultivated region to areas made accessible by the new dirt roads.  With greater numbers of 
villagers traveling to these newly opened areas, newer roads were developed, and the initial 
“pioneer” roads were abandoned and likely reforested.  In 1994, the connectivity in ISA #2 
increased to 55 percent and the circuitry of roads increased to 33 percent. 
In ISA #3, the road connection increased from 49 percent in 1954, to 51 percent in 1967, 
remained at 51 percent in 1984, and increased to 54 percent in 1994.  The circuitry index 
increased from 22 percent in1954, 25 percent in 1967, 26 percent in 1984, and 31 percent in 
1994.  The length of roads in the ISA increased from 36 km in 1954 to 69 km in 1994.  
In ISA #4, the road connection increased from 46 percent in 1954, remained 46 percent 
in 1967, 54 percent in 1984, and 57 percent in 1994.  The Circuitry index increased from 18 
percent in 1954, 19 percent in 1967, 31 percent in 1984, and 35 percent in 1994.  The length 
of roads increased from 27 km in 1954 to 94 km in 1994. The circuitry index nearly doubled 
from 1954 to 1994. 
In ISA #5, the connectivity index was 55 percent in 1954, increased to 60 percent in 
1967, slightly increased to 62 percent in 1984, and increased to 66 percent in 1994.  The 
Circuitry index began at 31 percent in 1954, increased to 39 percent in 1967, 42 percent in 
1984, and 49 percent in 1994. 
In ISA #6, this ISA is different from the five other ISAs, because in 1954 and 1967 
neither settlements nor roads occurred within the study area; the entire ISA was forest cover.  
When the 1984 and 1994 aerial photographs were acquired, interpreted, and digitized, it 
appeared that the ISA was well developed.  However, without additional imagery, it was not 
possible to examine the intervening years between 1967 and 1984 when most of settlements 
occurred, roads were built, and land was converted.  In 1984, this ISA had a road 
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connectivity of 45 percent and a circuitry of 16 percent. By 1994, both indices showed 
increases – a road connectivity of 50 percent and a circuitry of 24 percent. It should be noted 
that the circuitry of this area was developed within 10 years, a fairly rapid change in the road 
network. This occurred likely because of the previous remoteness and lack of a road 
infrastructure that suggested a latent demand for geographic access within the ISA that was 
suggested in 1984, but enhanced by 1994. This rapid increase in the road networks may be 
influenced by globalization processes and the motivation of commercial agriculture through 
the export of cassava for cattle feed in Europe as the accelerator, thereby, compelling people 
to encroach on the forest and to convert land to agriculture, accentuated by more connectivity 
across the ISA. 
ISA Link  Node  Alpha  Gamma  Length(km) 
ISA1_1954 53 38 0.23 0.49 19.72 
ISA1_1967 66 49 0.19 0.47 36.97 
ISA1_1984 133 90 0.25 0.50 54.50 
ISA1_1994 146 95 0.28 0.52 92.62 
      
ISA2_1954 131 97 0.19 0.46 71.29 
ISA2_1967 186 121 0.28 0.52 74.56 
ISA2_1984 113 77 0.25 0.50 63.90 
ISA2_1994 183 112 0.33 0.55 132.34 
      
ISA3_1954 67 48 0.22 0.49 36.43 
ISA3_1967 76 52 0.25 0.51 39.88 
ISA3_1984 80 54 0.26 0.51 37.77 
ISA3_1994 129 81 0.31 0.54 68.90 
      
ISA4_1954 39 30 0.18 0.46 27.34 
ISA4_1967 57 43 0.19 0.46 33.08 
ISA4_1984 146 92 0.31 0.54 60.10 
ISA4_1994 162 97 0.35 0.57 94.31 
      
ISA5_1954 54 35 0.31 0.55 46.04 
ISA5_1967 79 46 0.39 0.60 48.43 
ISA5_1984 96 54 0.42 0.62 52.18 
ISA5_1994 181 93 0.49 0.66 88.17 
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ISA6_1984 75 58 0.16 0.45 44.54 
ISA6_1994 143 98 0.24 0.50 93.16 
 
Table 4.1. Connectivity Index (γ) and Circuitry Index (α) for six ISAs. 
 
(4.9)  Research Results: Pattern Metrics and LULC Change 
After the grid file was transferred from ArcGIS to FRAGSTATS software, the pattern 
metrics were calculated for two classes, forest and non – forest, at the class level.  Table 4.2 
summarizes the selected pattern metrics that were run for the 500, 1000, 1500 meter buffer 
zones around “all weather” roads in Nang Rong district for 1954 and 1984 (see Figures 4.14 - 
4.19). 
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Figure 4.14. The 500 meter buffer around all weather roads in 1954. 
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Figure 4.15. The 1000 meter buffer around all weather roads in 1954. 
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Figure 4.16. The 1500 meter buffer around all weather roads in 1954. 
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Figure 4.17. The 500 meter buffer around all weather roads in 1984. 
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Figure 4.18. The 1000 meter buffer around all weather roads in 1984. 
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Figure 4.19. The 1500 meter buffer around all weather roads in 1984. 
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 1954_500 1984_500 1954_1000 1984_1000 1954_1500 1984_1500 
Percent of 
Land 
47.06 21.4237 47.1737 28.3053 46.403 21.539 
Number of 
Patch 
4949 35880 8120 32756 11272 76143 
Patch Density 28.49 73.4117 25.8181 40.126 24.4942 73.2795 
Large Patch 
Index 
11.4751 1.1146 12.8122 1.7425 13.4023 0.9284 
Total Edge 3939405 9613830 7153785 11703030 10070415 20003670 
Edge Density 226.7801 196.7023 227.4594 143.3617 218.831 192.514 
Landscape 
Shape Index 
113.9088 239.2535 150.0351 194.8372 174.8943 336.5614 
Mean Patch 
Size 
1.6518 0.2918 1.8272 0.7054 1.8945 0.2939 
 
Table 4.2. Pattern analysis for 1954 and 1984 and landscape change at 500, 1000, and 1500 
m buffers around primary roads. 
 
Figures 4.20 - 4.22 compare the percent of forest for 1954 and 1984 using the three 
different size buffers.  Figures 4.23 – 4.25 compare the number of patches in each buffer 
zone in 1954 and 1984.  Figures 4.26 – 4.28 show the patch density per 100 ha in the various 
buffer sizes for 1954 and 1984.  Figures 4.29 – 4.31 show the total edge (total length of all 
patch boundaries) in the three buffer zones for 1954 and 1984.  Figures 4.32 – 4.34 show 
edge density (meter / ha) in three buffer zone for 1954 and 1984.  Figures 4.35 – 4.37 
compare the mean patch size in each different buffer size for 1954 and 1984.  Figure 4.38 
and 4.39 show the number and mean patch size of non-forest in each ISA from 1954 to 1994.  
Figure 4.38 (number of patches) shows indicates that land transformation from forest to non-
forest mostly occurred in the selected ISAs in the period leading up to the second observation 
period, 1967.  So much forest was converted to non-forest during the years between 1954 and 
1967 in these areas that little forest was available for conversion to non-forest in the 
subsequent years.  Figure 4.39 (the mean patch size) shows that more recent change (1984 
and 1994) to non-forest resulted in larger non-forest patches.  In ISA #6, an upland site, early 
  
 
121 
forest clearing occurred in large patch to accommodate cassava.  In ISA #1, a lowland site, 
rice paddies were expanded at the expense of forest by creating large non-forest patches.  It 
should be noted that isolated trees and very small patches of forest still exist in rice growing 
areas, but the region is an extensive rice growing area that has developed over time as 
individual household paddies have coalesced in very broad regions of rice cultivation. 
Comparing the metrics for each year, using different size spatial buffers, indicates that 
for 1954 the percent forest area varied only minimally across the spatial buffer dimensions, 
but substantially between 1954 and 1984.  The percent of forest area was reduced by more 
than 50 percent from 1954 to 1984 for the three buffer dimensions.  Differences between the 
1984 percent forest at the 1000 meter buffer was substantially different to percent forest in 
1984 for the 500 and 1500 meters buffer zones.  
Number of forest patch reported for 1954 increased substantially by 1984.  The number 
of forest patches for the two dates summarized at the 500 and 1500 meter buffer zones 
increased approximately 7 times; the increase from 1954 and 1984 for the 1000 meter zone 
increased nearly 4 times.  The patch density (number of patches / 100 ha) for 1954 and 1984, 
for the 500 and 1500 meter zones, increased more than 50 percent from 28 patches to 73 
patches and 24 patches to 73 patches respectively. For the 1000 meter buffer zone, only 16 
patches per 100 ha area increased. 
Total edge also increased in every buffer zone, because the number of patches increased.  
Edge density (meter / ha) decreased by 20 - 30 meters per hectare.  Mean patch size, for the 
500 meter buffer zone decreased from 1.6 to 0.3 hectares.  For the 1000 meter buffer zone, 
mean patch size decreased from1.8 to 0.7 hectares, and for the 1500 meter buffer zone, mean 
patch size decreased from 1.8 to 0.3 hectares. 
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From 1954 to 1984, many roads were constructed and population, particularly the 
number of households, increased as a result of newcomers and new young adults seeking 
land for cultivation, particularly for the commercial cultivation of cassava as part of the 
globalization of agriculture.  Forest areas were reduced, forest patches decreased in size, non-
forest expanded in area and patch size, and more classes occurred per unit area, suggesting an 
increase in land fragmentation over time for the ISAs examined.  
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Figure 4.20 – 4.22. Percent of Forest area in 500, 1000, 
1500 meter buffers around road in 1954 and 1984 
respectively. 
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Figure 4.23 – 4.25. Number of forest patches in 500, 1000, 1500 
meter buffers in 1954 and 1984 respectively. 
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Figure 4.26 – 4.28. Patch density in 500, 1000, 1500 
meter buffers in 1954 and 1984 respectively. 
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Figure 4.29 – 4.31. Total edge in 500, 1000, 1500 meter buffers in 1954 and 
1984 respectively. 
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Figure 4.32 – 4.34. Edge density in 500, 1000, 1500 
meter buffer in 1954 and 1984 respectively. 
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Figure 4.35 – 4.37. Mean patch size in 500, 1000, 1500 
meter buffer in 1954 and 1984 respectively. 
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 Figure 4.38. Number of non-forest patch in each ISA from 1954 to 1994. 
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 Figure 4.39. Mean patch size of non-forest in each ISA from 1954 to 1994. 
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(4.10)  Forest and Non-Forest Change  
 
To more explicitly examine the nature of forest and non-forest change in the six ISAs for 
the four selected time periods (1954, 1967, 1984, and 1994), and relative to geographic 
accessibility and terrain settings, the following analyses were conducted using the 1954 air 
photo interpretations of forest and non-forest as the base coverage for the six ISAs.  The 
assumption is that the greatest areal extent of forest within Nang Rong district, and the 
selected ISAs, is represented at the earliest time period in the series (i.e., 1954).  Therefore, 
image periods are assessed relative to LULC conditions represented in the 1954 period.  Note 
that some cells may have already changed from forest to non-forest at the time of the 1954 
air photo mission, and so too, cells may have remained forest from 1954 to 1994, as well as, 
returned to forest at various periods after the 1954 characterization.  Also, as previously 
indicated, the dates of analyses are set by the image dates of the panchromatic aerial 
photographs.  So while forest to non-forest (and back to forest) may be attributed to either 
1967, 1984, or 1994, those dates are only “snapshots in time” as landscape evolution is more 
generally associated with continuous versus discrete transitions.  Without other images for 
other periods, however, LULC change will be attributed to the various imagery dates. 
The first analysis examines the date of change in each ISA (at the 30 x 30 meter cell-
level) from forest to non-forest, using the 1994 road network as cartographic context (see 
Figures 4.40 – 4.45 for each of the selected ISAs respectively).  The second analysis 
examines the date of change from forest to non-forest, and then back to forest, as an 
indication of secondary forest succession, but so too, the development of agro-forestry that 
involves the cultivation of fruit trees, para-rubber, and eucalyptus; the 1994 road network is 
used as cartographic context (see Figures 4.46 - 4.51 for each of the selected ISAs 
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respectively).  The third analysis examines the geographic distance of each cell to the nearest 
road, using a Euclidean distance operator, for each ISA and for each study period; the road 
network of the respective dates of analysis are used as cartographic context for each ISA (see 
Figures 4.52 – 4.73 for each of the selected time periods and ISAs respectively).  The fourth 
analysis describes the geomorphic setting of each of the ISAs.  The intent is to examine 
whether terrain settings influence LULC change from forest to non-forest, and possibly back 
to forest, the timing of that change, and geographic accessibility to roads as a factor 
influencing land transformations (see Figures 4.74 – 4.79 for each of the ISAs, using the 
1994 road network as the cartographic context).  Finally, the fifth analysis statistically 
examines (i.e., Student T-test) the relationship between Euclidean road distance (as an 
indication of geographic accessibility) and the change of LULC from forest to non-forest.  
The following questions are considered: (a) Does Euclidean distance to nearest road 
influence the change from forest to non-forest (a question of composition)? (b) Does 
Euclidean distance to nearest road influence the date of change from forest to non-forest (a 
question of periodicity)? (c) Does Euclidean distance to nearest road influence the spatial 
structure of change from forest to non-forest (a question of spatial organization)?, (d) Do 
upland-dominated ISAs versus lowland-dominated ISAs have different relationships between 
Euclidean distance of road access, change of forest to non-forest, change in the timing of 
forest to non-forest, and a change in the spatial organization of forest to non-forest? 
(4.11) Date of Change from Forest to Non-Forest 
 
To accomplish the analysis of the date of forest to non-forest change, four “Forest/Non-
Forest” classified air photo mosaics representing 1954, 1967, 1984, and 1994) were 
combined together into a single grid, with the grid values representing the trajectory of 
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change for each pixel and ISA (see Figures 4.40-4.45).  Using Map Algebra within ArcMap’s 
Raster Calculator, expressions can be built that weight rasters, combine grids as part of 
suitability or other models, make selections from data in the form of queries, and apply a host 
of mathematical operators and other functions.  Raster Calculator was used to add the four 
grids together, with each place (i.e., 1000s, 100s, 10s, 1s) in the 4-digit output grid 
representing the “Forest/Non-Forest” status for each of the four years.  Using arithmetic 
operators, the four grids were combined in the following manner:  
 
Trajectory = ([For_54] * 5000) + ([For_67] * 600) + ([For_84] * 80) + ([For_94] * 9) 
 
The result of this process yields a 4-digit number for each pixel in the output grid.  For 
each year, the value at each pixel was multiplied by either 5000, 600, 80, or 9.  If the pixel 
had “Non-Forest,” indicated by the code “0,” as a LULC type, the result was “0.” If the cell 
had “Forest” as a LULC type, the result was either 5000, 600, 80, or 9, depending on the 
year.  For instance, if a pixel was “Forest” in 1954, “Non-Forest” in 1967, “Forest” in 1984, 
and “Forest” in 1994, the resulting 4-digit number was “5089.”  Once added together, the 
following trajectory combinations were generated (see Table 4.3). 
Value Count Trajectory 
0000 1603022 Perennial Non-Forest 
0009 9550 1994 1st Forest 
0080 32074 1994 Deforestation (2nd) 
0089 5992 1984 1st Forest 
0600 145053 1984 Deforestation (2nd) 
0609 8897 1994 Reforestation 
0680 34208 1994 Deforestation (2nd) 
0689 14043 1967 1st Forest 
5000 255969 1967 Deforestation 
5009 9666 1994 Reforestation 
5080 40356 1994 Deforestation (2nd) 
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5089 11344 1984 Reforestation 
5600 412645 1984 Deforestation 
5609 27142 1994 Reforestation 
5680 137902 1994 Deforestation 
5689 78783 Perennial Forest 
 
Table 4.3. General coding scheme for processing the date of forest to non-forest change. 
 
(4.12) Trajectories of Forest and Non-Forest Change 
 
The 4 deforestation trajectories with “2nd” indicate cells that underwent a second round 
of deforestation (i.e., cells that were forested, deforested, reforested, and then subsequently 
deforested).  For instance, the trajectory “5080” indicates that the pixel was “Forest” in 1954, 
“Non-Forest” in 1967, “Forest” in 1984, and then “Non-Forest” in 1994. Other “2nd” 
deforestation trajectories assume that the initial pre-1954 status of a pixel was “Forest.”  The 
trajectory “0680” assumes that the corresponding cells were forest before 1954 and 
deforested in 1954, followed by “Forest” in 1967 and 1984, with deforestation occurring a 
second time in 1994.  This analysis examines the date of change from forest to non-forest, 
and then back to forest, as an indication of secondary forest succession, but so too, the 
development of agro-forestry that involves the cultivation of fruit trees, para-rubber, and 
eucalyptus; the 1994 road network is used as cartographic context (see Figures 4.46–4.51 for 
each of the selected ISAs respectively).  To obtain ISA-level trajectory grids, each ISA was 
clipped from the full-district trajectory grid.  The following tables are the trajectory numbers 
for each ISA (see Tables 4.4 – 4.9 for the respective ISAs) and the summary table of all ISA 
(Table 4.10). 
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ISA #1 
Value Count Trajectory 
0000 8609 Perennial Non-Forest 
0009 397 1994 1st Forest 
0080 1590 1994 Deforestation (2nd) 
0089 297 1984 1st Forest 
0600 1728 1984 Deforestation (2nd) 
0609 223 1994 Reforestation 
0680 1176 1994 Deforestation (2nd) 
0689 439 1967 1st Forest 
5000 3845 1967 Deforestation 
5009 256 1994 Reforestation 
5080 1423 1994 Deforestation (2nd) 
5089 261 1984 Reforestation 
5600 3216 1984 Deforestation 
5609 474 1994 Reforestation 
5680 3178 1994 Deforestation 
5689 1112 Perennial Forest 
Table 4.4. Coding scheme for processing the date of forest to non-forest change: ISA #1. 
 
ISA #2 
Value Count Trajectory 
0000 18988 Perennial Non-Forest 
0009 548 1994 1st Forest 
0080 309 1994 Deforestation (2nd) 
0089 98 1984 1st Forest 
0600 3470 1984 Deforestation (2nd) 
0609 627 1994 Reforestation 
0680 586 1994 Deforestation (2nd) 
0689 415 1967 1st Forest 
5000 2016 1967 Deforestation 
5009 265 1994 Reforestation 
5080 148 1994 Deforestation (2nd) 
5089 114 1984 Reforestation 
5600 5301 1984 Deforestation 
5609 1451 1994 Reforestation 
5680 889 1994 Deforestation 
5689 874 Perennial Forest 
Table 4.5. Coding scheme for processing the date of forest to non-forest change: ISA #2. 
 
 
 
ISA #3 
Value Count Trajectory 
0000 15273 Perennial Non-Forest 
0009 344 1994 1st Forest 
0080 267 1994 Deforestation (2nd) 
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0089 168 1984 1st Forest 
0600 253 1984 Deforestation (2nd) 
0609 126 1994 Reforestation 
0680 145 1994 Deforestation (2nd) 
0689 466 1967 1st Forest 
5000 2619 1967 Deforestation 
5009 190 1994 Reforestation 
5080 295 1994 Deforestation (2nd) 
5089 149 1984 Reforestation 
5600 1094 1984 Deforestation 
5609 857 1994 Reforestation 
5680 671 1994 Deforestation 
5689 2451 Perennial Forest 
Table 4.6. Coding scheme for processing the date of forest to non-forest change: ISA #3. 
 
ISA #4 
Value Count Trajectory 
0000 5635 Perennial Non-Forest 
0009 82 1994 1st Forest 
0080 976 1994 Deforestation (2nd) 
0089 98 1984 1st Forest 
0600 5818 1984 Deforestation (2nd) 
0609 129 1994 Reforestation 
0680 2087 1994 Deforestation (2nd) 
0689 336 1967 1st Forest 
5000 1912 1967 Deforestation 
5009 39 1994 Reforestation 
5080 461 1994 Deforestation (2nd) 
5089 53 1984 Reforestation 
5600 6419 1984 Deforestation 
5609 179 1994 Reforestation 
5680 3493 1994 Deforestation 
5689 507 Perennial Forest 
Table 4.7. Coding scheme for processing the date of forest to non-forest change: ISA #4. 
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ISA #5 
Value Count Trajectory 
0000 5339 Perennial Non-Forest 
0009 73 1994 1st Forest 
0080 1346 1994 Deforestation (2nd) 
0089 116 1984 1st Forest 
0600 2469 1984 Deforestation (2nd) 
0609 126 1994 Reforestation 
0680 1120 1994 Deforestation (2nd) 
0689 266 1967 1st Forest 
5000 3430 1967 Deforestation 
5009 65 1994 Reforestation 
5080 1292 1994 Deforestation (2nd) 
5089 141 1984 Reforestation 
5600 6716 1984 Deforestation 
5609 381 1994 Reforestation 
5680 4201 1994 Deforestation 
5689 1311 Perennial Forest 
Table 4.8. Coding scheme for processing the date of forest to non-forest change: ISA #5 
 
ISA #6 
Value Count Trajectory 
0000 806 Perennial Non-Forest 
0009 1 1994 1st Forest 
0080 515 1994 Deforestation (2nd) 
0089 1 1984 1st Forest 
0600 3374 1984 Deforestation (2nd) 
0609 99 1994 Reforestation 
0680 1045 1994 Deforestation (2nd) 
0689 94 1967 1st Forest 
5000 1095 1967 Deforestation 
5009 4 1994 Reforestation 
5080 749 1994 Deforestation (2nd) 
5089 3 1984 Reforestation 
5600 15329 1984 Deforestation 
5609 243 1994 Reforestation 
5680 4698 1994 Deforestation 
5689 168 Perennial Forest 
Table 4.9. Coding scheme for processing the date of forest to non-forest change: ISA #6. 
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All ISAs 
Deforestation  ISA(1) ISA(2) ISA(3) ISA(4) ISA(5) ISA(6) 
1954-1967 3845 2016 2619 1912 3430 1095 
1967-1984 3216 5301 1094 6419 6716 15329 
1984-1994 3178 889 671 3493 4201 4698 
       
Deforestation  ISA(1) ISA(2) ISA(3) ISA(4) ISA(5) ISA(6) 
1954-1967 13.6% 5.6% 10.3% 6.8% 12.1% 3.9% 
1967-1984 11.4% 14.7% 4.3% 22.7% 23.7% 54.3% 
1984-1994 11.3% 2.5% 2.6% 12.4% 14.8% 16.6% 
       
Deforestation - 
Reforestation 
ISA(1) ISA(2) ISA(3) ISA(4) ISA(5) ISA(6) 
Deforest67-
Reforest 94 
256 265 190 39 65 4 
Deforest67-
Reforest 84 
261 114 149 53 141 3 
Deforest84- 
Reforest 94 
474 1451 857 179 381 243 
       
Deforestation - 
Reforestation 
ISA(1) ISA(2) ISA(3) ISA(4) ISA(5) ISA(6) 
Deforest67-
Reforest 94 
0.91% 0.73% 0.75% 0.14% 0.23% 0.01% 
Deforest67-
Reforest 84 
0.92% 0.32% 0.59% 0.19% 0.50% 0.01% 
Deforest84- 
Reforest 94 
1.68% 4.02% 3.38% 0.63% 1.34% 0.86% 
Table 4.10. Percent change of deforestation and reforestation of all ISAs.  
 
From Table 4.10, change to non-forest in ISA #1, #2, and #3 was limited, but in ISA #4, 
#5, and #6 there was 23, 24, and 54 percent of the land, respectively, change to non-forest 
between 1967 and 1984. There was reforestation or a change to forest, but less than one 
percent of the ISAs during the period 1954 to 1984. However, by 1994 a change to forest of 
greater than one percent of the four ISAs occurred, except in ISA #4 and #6. 
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(4.13) Distance to the Nearest Road 
To accomplish the analysis of the date of forest to non-forest change for each ISA and 
each year (i.e., 1954, 1967, 1984, and 1994), the distance from every pixel to the nearest road 
segment was calculated. This was accomplished within ArcMap using the “Euclidean 
Distance” function. This function generated a grid, for each ISA and each year, showing the 
Euclidean distance from each pixel to the nearest road. The grids were then exported as text 
files and imported into MatLab for statistical analysis (see Figures 4.46 – 4.51 and 4.52 – 
4.73). Student’s T-tests was used to test whether distance to roads affected the transition of 
forest to non-forest and unchanged forest. A total of 5,000 pixel of each group were selected 
using a random sampling technique and the mean distance from roads from each group were 
used in the test. Results from T- tests show that the difference in the distance to roads of 
forest affects the changes of forest with statistical significant. The closer the pixel was to the 
road, the greater the changes of forest to non-forest (Table 4.11). 
  Mean Distance to Road (meters)  Statistics 
  Forest to Non-Forest  
(change pixel) 
Forest  
(no change) 
t value P value 
1954-
1967  
316 428 13.44 P=0 
1967-
1984 
290.72 345.04 8.9 p=0 
1984-
1994 
192.75 216.5 5.99 p=0 
Table 4.11. T-test statistics for the mean distance to the nearest road (significant at 0.05). 
(4.14) Geomorphic Settings of the ISAs  
 
Information about the geomorphic setting of each ISA was derived from a 
landform/terrain grid (see Figures 4.74 – 479). The grid is comprised of 6 classes: (1) 
Alluvial Plain; (2) Low Terrace; (3) Middle Terrace; (4) High Terrace; (5) Broken Uplands; 
and (6) Uplands.  There were several steps involved in the processing of the landform grid. 
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Cluster analysis of a dataset comprised of 3 geomorphometric variables (i.e., elevation, 
slope-percent, and elevation variance) was used to generate a thematic map of 15 terrain 
clusters.  Due to low topographic relative relief, the terrain clusters were largely determined 
by elevation.  The lower elevation clusters were generally flat, with low elevation variance.  
Slope angle and variation generally increases with elevation, until the highest elevations were 
reached and the terrain again flattened, but not to the degree of that found in the lowlands.  
The 15 terrain clusters were then combined into 6 general classes on the basis of cluster 
statistics.  
Once processed, each ISA was clipped from the landform grid to yield a grid for each of 
the six ISAs.  After they were extracted, the terrain grid for each ISA was exported as a text 
file.  The text files were imported into MatLab for statistical analysis. A random sample of 
1500 pixels from each landform class was selected for analysis.  The box-plot graphs of non-
forest cells from each landform class were derived.  From 1954 to 1967 (see Figure 4.80), the 
box-plot shows that non-forest mostly occurred in the alluvial plains and closer to roads (less 
than 200 meters), as well as in the high terrace and broken upland that were substantially 
transformed from forest to non-forest within 200-meters of roads.  From 1967 to 1984 (see 
Figure 4.81), the box-plot shows the same general pattern as in 1954 to 1967, except for the 
middle terrace where a change from forest to non-forest occurred closer to the roads (less 
than 200 meters).  In 1984 to 1994 (see Figure 4.82), it was apparent that the density of forest 
to non-forest cells occurred within 200 meters from the road in all landform types.  
(4.15) Conclusion 
Spatial analysis techniques help present day land change scientists to study the 
relationships among social, biophysical, and geographical domains and LULC change.  
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Geographical accessibility affects LULC change by altering the population-environment 
calculus by making remote lands proximal to populations and increasing the connectivity and 
circuitry of road networks in the ISAs.  In Nang Rong, northeastern Thailand, accessibility to 
agriculture areas, market locations, villages and towns, are part of the proximate causes of 
LULC change in this rural, agricultural environment.  Good connectivity and circuitry of 
road help villagers travel more easily and conveniently throughout the region and thereby 
increases the propensity of villagers to convert lands from forests to non-forest types.  The 
indices of connectivity and circuitry are useful tools to measure and compare the level of 
geographical access for sites through time and for the comparison of sites across space.  
However, the indices are not sensitive to frictions and barriers to movement, assuming the 
pathways for movement across the land are limited to established road networks.  
Placing spatial buffers on all-weather roads and characterizing the spatial organization of 
forest and non-forest classes is an effective approach for associating landscape form to 
landscape function.  Pattern metrics are a set of algorithms that quantify the spatial structure 
of landscapes at the landscape, class, and patch levels.  As suggested by the analysis of 
spatial organization using pattern metrics computed for varying buffer dimensions, Nang 
Rong district has become substantially fragmented over the 30-years since the 1954 image 
date.  The differences between 1954 and 1984 are greater than the differences between buffer 
dimensions for the two dates examined. 
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Figure 4.40. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 1. 
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Figure 4.41. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 2. 
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Figure 4.42. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 3. 
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Figure 4.43. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 4. 
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Figure 4.44. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 5. 
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Figure 4.45. The trajectory of change for each pixel from forest to non-forest from 1954 to 
1994 in ISA # 6. 
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Figure 4.46. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 1. 
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Figure 4.47. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 2. 
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Figure 4.48. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 3. 
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Figure 4.49. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 4. 
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Figure 4.50. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 5. 
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Figure 4.51. The trajectory of change for each pixel from forest to non-forest and reforest 
from 1954 to 1994 in ISA # 6. 
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Figure 4.52. Distance of each pixel to the nearest road in ISA# 1 in 1954. 
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Figure 4.53. Distance of each pixel to the nearest road in ISA# 1 in 1967. 
 
  
 
155 
 
Figure 4.54. Distance of each pixel to the nearest road in ISA# 1 in 1984. 
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Figure 4.55. Distance of each pixel to the nearest road in ISA# 1 in 1994. 
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Figure 4.56. Distance of each pixel to the nearest road in ISA# 2 in 1954. 
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Figure 4.57. Distance of each pixel to the nearest road in ISA# 2 in 1967. 
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Figure 4.58. Distance of each pixel to the nearest road in ISA# 2 in 1984. 
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Figure 4.59. Distance of each pixel to the nearest road in ISA# 2 in 1994. 
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Figure 4.60. Distance of each pixel to the nearest road in ISA# 3 in 1954. 
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Figure 4.61. Distance of each pixel to the nearest road in ISA# 3 in 1967. 
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Figure 4.62. Distance of each pixel to the nearest road in ISA# 3 in 1984. 
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Figure 4.63. Distance of each pixel to the nearest road in ISA# 3 in 1994. 
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Figure 4.64. Distance of each pixel to the nearest road in ISA# 4 in 1954. 
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Figure 4.65. Distance of each pixel to the nearest road in ISA# 4 in 1967. 
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Figure 4.66. Distance of each pixel to the nearest road in ISA# 4 in 1984. 
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Figure 4.67. Distance of each pixel to the nearest road in ISA# 4 in 1994. 
 
 
  
 
169 
 
Figure 4.68. Distance of each pixel to the nearest road in ISA# 5 in 1954. 
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Figure 4.69. Distance of each pixel to the nearest road in ISA# 5 in 1967. 
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Figure 4.70. Distance of each pixel to the nearest road in ISA# 5 in 1984. 
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Figure 4.71. Distance of each pixel to the nearest road in ISA# 5 in 1994. 
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Figure 4.72. Distance of each pixel to the nearest road in ISA# 6 in 1984. 
  
 
174 
 
Figure 4.73. Distance of each pixel to the nearest road in ISA# 6 in 1994. 
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Figure 4.74. Geomorphic landforms of ISA # 1. 
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Figure 4.75. Geomorphic landforms of ISA # 2. 
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Figure 4.76. Geomorphic landforms of ISA # 3. 
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Figure 4.77. Geomorphic landforms of ISA # 4. 
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Figure 4.78. Geomorphic landforms of ISA # 5. 
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Figure 4.79. Geomorphic landforms of ISA # 6. 
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Figure 4.80. Box-plot of non-forest cells in different landform types in1954 - 1967. 
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Figure 4.81. Box-plot of non-forest cells in different landform types in 1967 - 1984.  
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Figure 4.82. Box-plot of non-forest cells in different landform types in 1984 - 1994. 
 
  
 
CHAPTER 5 
 
SUMMARY AND CONCLUSIONS 
 
(5.1) Overview  
This study has examined geographical issues related to LULC change in northeastern 
Thailand.  For well over a decade, Nang Rong district has served as a field and data 
laboratory for a multidisciplinary study of population and environment interactions conducted 
jointly by the Carolina Population Center, Departments of Sociology and Geography, 
University of North Carolina – Chapel Hill, and the Institute for Population and Social 
Research, Mahidol University, Thailand.  A very large, multi-thematic, multi-temporal, and 
spatially-explicit data set has been generated to examine questions about population 
migration, deforestation and agricultural extensification, household and village 
demographics, land use and land cover change, and many more that have been support 
through grants, for instance, from NASA, NIH, NSF, and the Mellon Foundation.  The many 
“pieces” of research that form the Nang Rong Projects act as a social and environmental 
jigsaw puzzle.  Solving the various research questions leads to a multi-dimensional picture of 
Nang Rong that reveals various elements of the interactions among people, place, and the 
environment.  Branches of geography offer insight into the physical, human, cultural, social 
elements of Nang Rong district, whereas collaboration with diverse scholars and their 
disciplinary theories and perspectives offers additional richness and texture to the Nang Rong 
“picture.”  This “piece” of research is a study of the relationships between geographical 
accessibility and LULC change in Nang Rong district.  The intent was to examine how 
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geographic access, as indicated through an evolving road network, has influenced LULC 
change patterns (i.e., compositional and spatial structure of forest and non-forest) for 1954, 
1967, 1984, and 1994 using an assembled air photo time-series and an interpreted road 
network for six distributed Intensive Study Areas (ISAs).  Each analysis period for each 
selected and strategically-placed ISA were interpreted.  Findings suggest the importance of 
time, as well as the relevance of endogenous factors (e.g., terrain settings) and exogenous 
forces (e.g., demand for calorie-rich animal feed in Europe) in LULC dynamics. Findings 
also indicate the importance of spatial structure in assessing LULC change patterns. 
The basic intent of this research was to assess whether the changes in geographical 
accessibility (i.e., road connectivity and circuitry) have affected LULC change patterns in the 
six ISA located within Nang Rong district.  In addition, the research aims examined (1) land 
use policies at the national, regional, and local levels that were related to LULC change and 
road networks, (2) road networks in six intensive study areas within Nang Rong district 
characterized through the interpreted changes in the road pattern and attribution type from 
1954 to 1994; (3) level of connectivity of the road networks in the intensive study areas using 
an assembled time-series of panchromatic, digital aerial photography; and (4) relationships 
between the level of connectivity of LULC change patterns, particularly deforestation and 
agriculture extensification, with special attention given to (a) distance decay from roads, (b) 
time of LULC change relative to a dynamic road network, (c) time of LULC change from 
forest to non-forest, and back to forest as a specific change sequence, and (d) the geomorphic 
type of the ISAs defined by their dominant geomorphic characteristics (e.g., uplands, 
lowlands).  A combination of data visualization, remote sensing, spatial analysis, pattern 
metrics, GIS data manipulation, and spatial analysis were used to address the goals of this 
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research.  Methodologically, field data collected in 2001 using government maps and reports; 
GPS coordinates of road segments within the ISAs that were linked to surface type 
(attribution) and the date of construction (and resurfacing as appropriate); household focus 
groups were consulted to describe the date and type of roads constructed within the ISAs and 
roads leading to and from their respective villages and agricultural fields; and historical 
documents from the various Thai organizations involved in road construction.  Such data 
were used to validate the interpretations from the aerial photographs and to add context to the 
“story” of LULC change and geographical accessibility within the district. 
(5.2) Land Use Policies 
Land use policy and implementation in Thailand has been an area of concern and 
emphasis for a considerable period of time.  There are some problems with land use policies 
and their implementation that relate to the fact that (1) a number of planning and policy 
organizations are engaged in land use issues in Thailand, but they do not effectively 
coordinate their work nor policies, thereby, resulting in confusion and conflict among the 
people and the organizations; (2) many types of land certificates exist in Thailand that have 
been issued for lands of various classifications; (3) problems exist having to do with poor soil 
quality, lack of good soil improvement programs, land degradation through inappropriate 
geographic settings and use, and general neglect that affect LULC dynamics and the need and 
opportunity for environmental policies; and (4) farmers, in general, lack the opportunities to 
obtain knowledge about good farming practices, and they are reluctant to accept the 
recommendations of new technologies from agricultural extension workers that are new to the 
region and from unfamiliar organizations.  Unfortunately, such problems are seldom 
recognized in the policy implementation plans.  Laws and regulations that guide land use 
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policies should be revised so that they are more appropriate and suitable to present landscape 
conditions and public policy situations.  Conflicts between land uses and environmental 
policies should be reconciled.  All land certificates should be permitted to be used as 
collateral so that mortgages can be obtained by farmers as they are generally cash-poor, and, 
therefore, unable to improve their land productivity and land value without designated 
government programs that are often insufficient to meet the needs of farmers.  Organizations 
related to land implementation programs should plan for personnel development and also for 
coordinating and participating in program training for extension specialists and for farmers.  
Training programs for farmers on new land improvement and cropping practices should be 
provided nationwide.  
(5.3) Geographic Accessibility 
In 1954, the geographic accessibility from villages to farm lands, markets, and towns was 
limited and travel was often inconvenient and cumbersome as a consequence of the poor road 
conditions and geographically constrained road networks within the selected ISAs. In fact, in 
1954, an ISA located in the southwestern portion of Nang Rong district did not contain any 
roads or village settlements.  In the 1950s, the road network in the Northeast region was, 
overall, very poor in terms of areal coverage, connectivity, and road conditions.  For instance, 
the main road from Nang Rong district to Buriram province was a laterite road that was built 
to deliver and receive goods and products from the province and the more distance districts.  
Most of the roads built in Buriram province were designed to connect outlying districts with 
the province, and to enhance the connections between districts.  At the sub-district and village 
levels, road links were built in the same manner – to connect the district and the province.  In 
Nang Rong district, the northern part of the district is closer to the province and, as such, 
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most of the villages in the northern regions were settled before the villages in the southern 
portion of the district.  In addition to the reduced distance to the province, the northern part of 
Nang Rong district is topographically flatter, south to north flowing rivers converge and 
provide a greater amount of perennial water, and geomorphically, the area is dominated by 
lowland plains and broader amounts of alluvial soils that are more suitable for rice cultivation 
and subsistence crops.  In the southern portion of Nang Rong district, uplands predominate in 
the southwest, however, in the southeast (except for the two ancient volcanoes) lowlands also 
predominate, but to a somewhat lesser degree, making settings that support higher quality 
paddy rice cultivation.  Landscape conditions and land suitability for the cultivation of rice, 
mostly subsistence and some small amount of commercial agriculture even by 1954, 
influenced human settlement patterns that expanded to the southeast and lastly to the 
southwest, primarily triggered by cash cropping of upland field crops, mainly cassava (but 
also sugar cane), that began in the 1970s.  
In 1954 and 1967, the aerial photographs showed roads only in five of the six ISAs. 
Roads as well as settlements did not appear on the air photos in the southwest until 1984.  
The southwest ISA experienced the largest relative change in the road network in the shortest 
period of time as the landscape became highly connected to accommodate the cultivation of 
upland field crops, following the initial deforestation in the early to mid-1970s.  Had aerial 
photographs been available for the period between 1967 and 1984, the “story” of LULC 
change and the evolving road network might have been more completely told.  From 
anecdotal information, as well as through the interpretation of the aerial photographs, the 
transportation network in 1954 and 1967 in the southwest ISA was mapped as cart paths and 
walkways.  The small size, limited areal extent, small scale of the aerial photography, the 
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panchromatic photographic emulsion type, and the confounding issue of vegetation and 
“natural” paths between the bushes, trees, and shrubs prevented a fuller analysis of the 
geographic networks of movement, prior to the development of roads, often in the place of 
the cart paths and walkways.  
There are many tools to measure geographic accessibility as represented by the road 
network.  Each tool has its strong points, and users can select one or more of them that serve 
the conditions and objectives of the measurement. Geographical accessibility relates to 
transportation networks, and in geography that generally means the use of graph theory 
(Harvey and Shaw, 2001).  Alpha and Gamma Indices were selected for use, because they are 
simple and easy to understand (Kansky, 1963).  Road network connectivity and circuitry of 
roads help explain how people gain access to their communities and to places outside their 
settlements.  This research indicates that the connectivity of road networks in all the selected 
ISAs increased with time, as did network circuitry.  The increase in the circuitry index 
suggests that the planning of new and improved roads was relatively well done as the general 
goal appears to have been one of increasing the road intersections or nodes through the 
construction of a number of short connector road segments that tied the network together.  
The calculation of the Alpha and Gamma indices did not include the concept of road friction 
(e.g., travel speeds). However, only the “better” quality roads (e.g., paved and gravel) in the 
district were included, as cart paths and walking trails were not considered.  To measure more 
complicated accessibility measures, additional information on the history of road building, 
quality of roads, type of roads, size of roads, cost of travel, and many more variables would 
be needed to suggest the relevance of socio-economic conditions, culture, and psychology in 
road network use and appraisal.  
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Analysis of LULC change in Nang Rong district has been examined by a number of 
researchers that have been part of the Nang Rong project team.  A variety of techniques have 
been used by them including GIS, GPS, satellite image processing and remote sensing, spatial 
and statistical analyses, and longitudinal demographic surveys. Pattern analysis has been 
consistently applied to address questions of what, where, when, how, and why of LULC 
changes.  This study is similar in the data types and general methods, but unique in the use of 
connectivity indices, reliance on the air photo time-series, setting the initial conditions for a 
study of geographical accessibility at 1954, and using pattern metrics within spatial buffers of 
road networks that were time dependent.  Placing the assessment of forest and non-forest 
change over time and space within the geomorphic settings was useful in considering 
environment context on road connectivity and LULC change patterns. 
As indicated, fundamental to this research has been the use of ecological pattern metrics 
to describe, over time and for the selected ISAs, the spatial structure of LULC. FRAGSTATS 
software was used to examine the spatial organization of forest and non-forest at the 
landscape and class levels.  The spatial structure of forest represented within 500, 1000, and 
1500-m spatial buffers around the road networks within the ISAs for 1954 and 1984 were 
examined.  The metrics indicate that the landscape has undergone a composition transition 
from forest to non-forest as a consequence of deforestation and agricultural extensification.  
When forests predominated in the earlier period, the pattern metrics indicated a landscape in 
the process of being fragmented through various land conversion processes.  At some point in 
the future, and suggested in some of the ISAs for 1984, the metrics are indicating an evolving 
landscape that is becoming less fragmented as it “turns-over” from one dominated by forest to 
one dominated by non-forest. In the period between this compositional turn-over, landscape 
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fragmentation of forests are increasing, configuration of forest remnants is becoming more 
complex, and agriculture is becoming more expansive across the landscape, thereby, 
“smoothing” the spatial organization as the landscape cycles from forest to agriculture over 
time.  Some ISAs are well along in the land transformation process (those that are more 
connected), while more remote ISAs are less so.  
In short, the spatial configuration of the landscape, as a consequence of patch dynamics 
and compositional turn-over, is becoming less fragmented with time, after a period of 
increased fragmentation as the forest is being cut and trees are being replaced by crops.  
Secondary forest succession of remote sites, land cleared for agriculture on less marginal 
settings, and fields transformed during the temporary and inconsistent periods of above 
normal commodity prices and/or environmental circumstances further add to the land 
fragmentation trajectories of Nang Rong district.  Fallow land, while not a pervasive land use 
in the district, may increase in the future as a response to an increasingly marginal climate, 
inconsistent crop prices, and, possibly, a reduced demand for commercial lowland rice and/or 
upland field crops, because of globalization processes and the job alternatives that 
urbanization brings.  The urbanization of the Thai population is affecting the Northeast region 
as well as other parts of Thailand, because of its marginal environmental conditions in many 
rural areas, temporary migration trends, the impact of remittances on the non-agricultural 
asset base of households, reduce reliance on agriculture more broadly, and the attraction of 
Bangkok, the Eastern Seaboard, and provincial cities for young adults. 
Subsequent steps in assessing the geographical accessibility and LULC change should 
include the use of frictions and barriers.  Physical and social factors should be considered in a 
broader definition of accessibility.  Socio-economic accessibility such as access to credit and 
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capital, access to new technologies for agriculture, social networks and information sharing, 
and access to more distant places as an indication of temporary migration and remittances 
sent to rural households would further expand the notion of access beyond the spatial-
geographic definition.  
Different methodologies and new techniques in mapping and measuring LULC change 
should be tried as well.  Advances in spatial simulation modeling using cellular automata and 
agent based modeling approaches offer the distinct possibility to integrate non-linear system 
dynamics, different initial conditions, growth or transition rules, and a dynamic landscape 
linked to a dynamic set of actors that shape the landscape through feedbacks, critical 
thresholds, and exogenous and endogenous factors.  Geographic distance and accessibility is 
easily accommodated in such models of LULC change.  Scenarios of LULC change can be 
designed and “what if” questions addressed and interpreted within a policy-relevant context. 
Most of the developing countries of the world now try to help people in rural areas 
through policies that address health, food security, environmental degradation, LULC change, 
transportation, and many more.  The intent is to improve the quality of life in rural areas, 
urban places, and in frontier settings.  Access, geographic and otherwise, is fundamental to 
distilling the direct and indirect effects of people, place, and the environment on LULC 
change patterns – both compositional shifts and changes in spatial organization.  Theoretical 
research findings on geographic access and LULC change should be translated into policy 
and development planning to mitigate the social and environment problems in rural areas and 
to curb deforestation in tropical forests. 
In Thailand, decentralization is being implemented throughout the country in an 
assortment of ways.  The Tambon Organization Administration (TOA) now plays an 
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important role in developing “their” rural areas of responsibility.  Transfer of work, duties, 
roles, properties, legislative power, and executive authority from government offices at the 
provincial level to the local level is accelerating.  Many TOAs are now armed with computer 
technology, including GIS to help with spatially-explicit planning and project 
implementation.  Base maps and spatial and thematic data sets are being provide by the 
Thailand Department of Planning and Public Works to all branches of government in all 
provinces.  The outlook in rural Thailand is moderately bright, but many challenges persist so 
that the causes and consequences of LULC dynamics can be assessed and policies developed 
that guide the processes of land conversion might improve the quality of life and 
environmental quality in Nang Rong district and beyond.  
(5.4) Contributions of this Research 
Spatial digital technologies offer immense potential and proven capacities for studying 
LULC and assessing the multi-thematic and scale-dependent drivers of change.  Technology 
is emphasized in this research through the study of LULC dynamics and the characterization 
of geographic accessibility through an evolving road network. 
(5.4.1) Aerial Photography and Land Use Change 
The use of aerial photography has a rich history in LULC mapping achieved historically 
through analog approaches, and more recently through digital technologies.  Traditionally, 9 
x 9 inch, hardcopy prints are acquired by placing cameras and film in an aircraft, captive 
balloons, and/or positioned on topographic promontories.  Panchromatic, natural-color, and 
color-infrared aerial photography are most common.  Standard overlap between successive 
photos and between photo flight lines insures stereoscopic views of acquired photo-frames.  
While standard photogrammetric equipment is used for image measurement and 
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interpretation, digital scanners and image analysis software are also used to construct 
seamless digital mosaics that can be analyzed through standard image processing techniques, 
the approach followed here.  Overlays generated through the interpretation of aerial 
photographs can also be scan-digitized for subsequent digital analysis.  Once the data are 
spatially-referenced and in digital form, their integration with disparate data organized within 
a GIS is relatively straightforward. 
For this research, each aerial photograph for each study year was scan-digitized and geo-
referenced to the same mapping system as the topographic base map (i.e., Universal 
Transverse Mercator or UTM), and mosaiced to form a seamless set of images covering Nang 
Rong district in 1954, 1967, 1984, and 1994.  Each set of seamless air photo images was pre-
processed through radiometric corrections and highlighted through image enhancements.  
These sets of seamless images were the foundation of the LULC change analyses that were 
subsequently conducted.  A considerable amount of effort was required to generate the image 
mosaics that involved the use of a series of photogrammetric techniques. 
Archived aerial photography is a valuable source of information about historical LULC 
types and patterns, and as a source product for extending the temporal perspective beyond 
periods in which satellite data for landscape analyses can be acquired.  For instance, the 
Landsat Program did not begin operation until 1972.  Consequently, earlier periods in the 
“peopling” of Nang Rong and assessing their impacts on the landscape were not categorized 
in (satellite) remotely sensed imagery.  Aerial photography, however, was acquired for the 
study area for a variety of historical periods that predate, and interleave the Landsat satellite 
data and, further, offer finer spatial resolutions for landscape analysis.  
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To characterize LULC dynamics, it is customary to assemble an aircraft or a satellite 
image time-series and to assess the nature of landscape composition and pattern through 
selected single image views, pair-wise comparisons, or dynamic views involving multiple 
images and visualization and/or modeling techniques.  LULC types and plant biomass levels 
are normally considered, and, more recently, assessed through pattern metrics that define the 
composition and spatial organization of cover-types (Allen and Walsh 1996; Millington et al. 
2001).  LULC composition and spatial organization at defined time periods are critical 
indicators of landscape form and function.  So too is the nature of change characterized 
between selected image dates, where the spatial-temporal and compositional-organizational 
elements of change can be assessed through post-classification approaches involving “from-
to” changes. 
(5.4.2) Ecological Pattern Metrics 
Pattern metrics are groups of algorithms that are used to assess the spatial structure, 
organization, or pattern of landscape state and condition variables.  Often applied to a LULC 
classification, represented as a continuous coverage in a raster format, pattern metrics are 
calculated at the landscape, class, and patch levels by setting the grain and extent of the study 
and by defining the nature of the LULC classification scheme (McGarigal and Marks 1993).  
Landscape is a heterogeneous land area composed of a cluster of interacting ecosystems that 
is repeated in similar form across space and time.  The output of the application of ecological 
pattern metrics at the landscape scale is an aspatial statistic that describes, for instance, the 
juxtaposition of cover types, the level of fragmentation, diversity information, and contagion 
descriptions.  Class is the pattern, for example, of forest occurring within the bounded area, 
whereas patch is a single homogenous and contiguous cover type occurring within the 
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defined landscape. Landscape patterns are the result of a web of interacting and complex 
processes that function over a range of spatial and temporal scales (Turner 1990 a,b; Riitters 
et al. 1995).  The grain is the unit of observation, whereas the extent is the area of 
consideration.  Applied to a single image classification, pattern metrics quantitatively 
describe the spatial and compositional structure of the landscape, defined through the LULC 
classification. 
(5.4.3) GIS and Road Accessibility 
This research studies the relationship between geographic accessibility, an evolving road 
network, and LULC change.  To measure the accessibility and connectivity, the road map and 
a road attribute table for each road segment was created.  Topographic maps from the Thai 
government, at a scale of 1:50,000 and created in 1984, have been converted into digital files 
at the Department of Geography and at the Carolina Population Center.  These GIS coverages 
were used as base-maps in conjunction with a series of aerial photographs collected from 
1954s through 1994.  
For this research, new road data, specifically a road history for roads connecting selected 
village centers, were represented in a GIS and used to assess LULC change.  Road history 
from different government organizations in Thailand was used to integrate (or validate) 
interpretations from the rectified digital aerial photography.  The location of old roads, new 
roads, and changes in road attribution were assessed, as well as the expansion of the network 
through road building and improvement of the network through changes in the surface type.  
The road data were merged into the GIS as a relational database for further analysis of 
connectivity and accessibility of villages, and for the study of how LULC change may be 
related to spatial proximity defined through spatial buffers around roads. 
  
 
196 
The seamless photographic time-series was used to measure the level of connectivity and 
geographic accessibility.  All images and road attributes were analyzed using the network 
analysis functions in ARCVIEW and later ARCGIS software.  Each rasterized intensive study 
area from each road map was vectorized for network analysis. Nodes and links in each map 
were used to calculate the Gamma and Alpha Index values.  The Gamma Index was used to 
assess and compare the nature of network connectivity of villages across the district for 
selected intensive study areas for each time period mapped through the aerial photography.  
The Gamma Index was calculated in a vector GIS by using nodes and links of the mapped 
road network.  This index ranges from 0 to 1, where 0 indicates that none of the nodes (i.e., 
villages) are connected, and 1 indicates that all nodes (i.e., villages) are linked (Demers, 
1997).  The Alpha Index was also calculated after Demers (1997) to indicate the number and 
interconnectivity of road segments and transportation network nodes for the study sites and 
periods analyzed.  This research marks the first time that the road network in Nang Rong 
District was extended beyond 1984 (using the Thai Military base map), was assessed solely 
through the use of an aerial photography time-series, and applied two network indices of 
geographic connectivity. 
(5.4.4) Environmental Policy and Land Use 
Public policies and plans from national level to provincial, district, sub-district, and 
village levels also were analyzed as part of this research.  History and context of the First 
through the Seventh of the Five Year National Socio-Economic Development Plans, five year 
sub-district development plans, and the nature of the planning process (and the policy 
procedures), as they related to roads, were explored in a top-down and a bottom-up 
perspective.  Plans and policies of each organization related to roads, the rationales, 
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stakeholders, levels and types of cooperation, and the nature of road development, attribution, 
improvement, and connectivity were evaluated.  A “story-line” was developed around roads, 
accessibility, and the planning-policy context as they inform on LULC change.  Public 
policies related to the environment, and particularly land use, were examined from the 
perspective of land titles, land quality, history of laws, and the intent of legislation on land 
and land use change patterns.  
(5.4.5) Changes over the last 50 years 
In 1954, the area of Nang Rong district was covered by relatively few, but large, forest 
patches.  Over time, in areas close to roads and villages, the patches of forest became 
increasingly small as extensive forests were transformed to forest remnants and isolated fields 
coalesced into extensive cultivated areas.  The nuclear villages in Nang Rong district in the early 
1950s were limited in their areal extent as evidenced by their remote sensing “signature” and 
pattern on the 1954 airphotos.  Between 1960 and 1980, more agricultural productivity was 
realized in the area primarily because of the increasing population achieved by in-migration and 
high fertility rates.  The rapid extensification of agricultural land sharply increase during this 
period.  In 1960, forest occupied nearly 60 percent of the land area; by 1982, forest was reduced 
to 15 percent of the district (Panayotou and Sungsuwan, 1989). 
Nang Rong also has been changed in social and economic ways as well. Road networks 
were extended and improved, bus service was increased, and tractor use became widespread for 
land preparation (Rindfuss et al., 1996).  According to the Nang Rong projects population 
survey, the population size decreased between 1984 and 1994 by 10 percent, as well as 
household size (Knodel et al., 1987; Hirschman, 1995), but the number of households increased 
by 25 percent during the same period (Entwisle et al., 1997).  Out-migration continued from the 
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district to work in non-agricultural sectors in Bangkok, the Eastern Seaboard, Korat, Buriram, 
and elsewhere (Curran, 1994). 
After 2000, Nang Rong expanded its municipal area and roads were improved from two 
lanes to four lanes.  In addition, the Nang Rong district administrative area was split into four 
districts and each district developed rapidly as the center of its sub-district.  Hospital and health 
care centers, sites of commercial banks, locations of facilities such as electric power and tap 
water were set as part of the infrastructure to support local government offices and to serve local 
people within these new sub-districts.  Decentralization of government and services is the current 
and pervasive model.  
(5.4.6) Selected Findings 
Among the more important findings of this research has been the direction of land use 
change and the changes in the spatial organization of LULC for the selected Intensive Study 
Areas and the periods of study.  In each of the study sites, representing uplands, lowlands, 
and the transitional topographic terraces, deforestation has occurred as a by-product of 
agricultural intensification.  Much of the change in the lowlands occurred many years ago, 
certainly before the 1954 analysis date that corresponded with the earliest image date of the 
air photo time-series.  Across the four image dates, tree cover, even in long-term, lowland 
paddy fields, varied as a consequence of the expansion in agro-forestry, planting of 
eucalyptus trees for construction, and para-rubber cultivation.  
The change in the compositional make-up of the land in the six ISAs were analyzed and 
described.  More interesting than the compositional LULC shifts was the change in the spatial 
organization of the LULC at the six study sites that represented three distinct terrain settings.  
In essence, the “story” is one of landscape change-over, from one that was dominated by 
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forest to one now dominated by agriculture – paddy rice in the lowlands, field crops in the 
uplands, and a mix of rice, field crops, and fruits and vegetables in the intervening transitional 
land.  Early in the time-series, the landscape was becoming increasingly fragmented, 
primarily in the upland sites and in the transitional terrace sites.  Most of the lowland paddy 
land had been previously converted to rice cultivation by the 1954 and 1967 time periods of 
the available imagery.  Land parcels of forest, or forest remnants, became increasingly small 
in area and in their frequency per unit area, thereby, smoothing the landscape and changing it 
from one dominated by forest to one dominated by agriculture.  Before the compositional 
change-over was nearly complete (at least for some of the ISAs), the landscape became 
highly fragmented with more small forest parcels, and initially, rather small agriculture plots.  
This structural change has landscape implication in ecological and human ecology. 
Among the implications is the issue of ecological services – fire, carbon sequestration, 
soil moisture retention, biodiversity -- and a reduction in the ability of the landscape to 
support such vital functions.  From the social perspective, feedback mechanisms among 
people, place, and environment occur, often initiated from the environment to people, but, so 
too, from people to environment.  The change in human behavior through feedbacks with the 
environment is being examined within the Land Change Science community.  Such feedbacks 
being considered include population density and land degradation and land use and land 
fragmentation through LULC change.  The social outcome being linked to landscape form 
and function has been population migration (Rindfuss et al. 1996), but other factors and 
studies that explore links between people and the environment are sure to follow, as this is an 
area of considerable study by social and natural scientists and spatial simulation modelers. 
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While the central “story” being told in this research is one of deforestation, agricultural 
extensification, and expansion of the road network, there are a number of more subtle stories 
that should be told, albeit briefly, as context.  For instance, the Thailand government has long 
been a centralized government where rules and regulations were generated in Bangkok and 
implemented regionally and locally.  Today, however, a more decentralized form of 
government more closely links legislation, as well as, their implementation to local boards, 
organizations, and village headmen.  This change has implications for the role of 
environmental policy on land use change, with most of the changes linked to regional 
development and improvement in the human condition. 
Another story-line is one of population migration: in-migration into a frontier region 
extending to the time of the 1954 airphoto, and the temporary out-migration (mostly seasonal 
migration and circular migration) as land marginality, highly variable monsoonal rains, and 
inconsistent market prices for crops encouraged the movement of young adults to Bangkok, 
the Eastern Seaboard, and the Provincial cities as places of off-farm employment.  
Increasingly, household assets and wealth are being generated through remittances from 
household members engaged in manufacturing and construction at remote locations.  Today, 
agro-forestry is expanding in the district as labor reductions and increased cash in rural 
villages and households affect land composition and, so too, the spatial organization of land.  
Demographically, the region is not gaining population, quite the contrary, but the number of 
households is increasing as nuclear families are changing, although household members 
remaining in agriculture are often within relatively close proximity to their original or family 
dwelling unit.  
  
 
201 
Finally, there is some indication that leading up to the 1994 image date represented in the 
air-photo time-series, reforestation was becoming more widespread. Part of the story is one of 
changing definition of what constitutes forest.  For this analysis, and certainly during the 
early years of the analysis (i.e., 1954 and 1967), deforestation was occurring through the 
process of agricultural extensification, and reforestation was occurring through the process of 
land abandonment as roads change the geographic accessibility of places adding more 
“value” to more accessibility sites and reducing the comparative advantage of sites more 
remote and isolated from villages and new field possibilities.  While some limited amount of 
reforestation through secondary forest succession occurred during the study period, as well as 
today, primarily in less suitable sites for rice and/or upland field crops, most of the 
reforestation is manifested by the planting of fruit trees and even more recently, para-rubber.  
These “plantation” style forests have very different impacts on ecological services than 
traditional forests.  In Nang Rong, those households that are able to plant agro-forest products 
are generally more financially-able to take advantage of market opportunities and to react to 
the constraints of a diminished labor pool.  Not all households are sufficiently empowered 
through household wealth and assets that they can wait for fruit trees to bear their product 
over multiple years as they suitably mature.  So trees and forests within the context of 
plantations are not the same as “natural” forests for either ecological or social interactions 
through ecological services and perception of new households and available land to settle. 
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